-1- ARACHIDONIC ACID-CONTAINING PLANT AND UTILIZATION OF
THE SAME TECHNICAL FIELD The present invention relates to
arachidonic acid-containing plants (e.g. soybean (Glycine max)) and use
of the plants, and patrticularly, relates to (i) plants obtained by a producing
process of arachidonic acid-containing plants by introducing a gene of an
enzyme involved in arachidonic acid syathesis, and (ii) use of the plants.
BACKGROUND ART Fatty acids are main constituents of lipids, which
are one of the three major nutrients for living organisms, and often refer
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bond or triple bond are referred to as unsaturated fatty acids. Fatty acids
are classified into short-chain fatty acids (2 to 4 carbon atoms),
medium-chain fatty acids (5 to 14 carbon atoms), -2- long-chain fatty acids
(16 to 18 carbon atoms), and very long-chain fatty acids (20 or more
A RDMS ). WhEN. Ithe number of carbon atoms is n and the number of
double bonds is m, the fatty acids are often denoted by Cn:m.

The present invention relates to arachidonic
acid-containing plants (e.g. soybean (Glycine max)) and
use of the plants, and particularly, relates to (i) plants
obtained by a producing process of arachidonic
acid-containing plants by introducing a gene of an

enzyme involved in arachidonic acid synthesis, and (ii)

use of the plants.

BACKGROUND ART

Fatty acids are main constituents of lipids, which
are one of the three major nutrients for living organisms,
and often refer to aliphatic monocarboxylic acids which
are derived from natural lipids by hydrolysis. Generally,
aliphatic chains of which are saturated are referred to as
saturated fatty acids, and aliphatic chains of which
contain a double bond or triple bond are referred to as
unsaturated fatty acids. Fatty acids are classified into
short-chain fatty acids (2 to 4 carbon atoms),

medium-chain fatty acids (5 to 14 carbon atoms),



The fatty acids are also the main constituents of the cell membrane of
plants, and are important components accumulated predominantly in the
form of triglycerides to provide energy sources in seeds and fruits. The
amount of lipids accumulated in plants, and their fatty acid composition
differ depending upon the types of plants. Examples of main fatty acids
accumulated in plants include: palmitic acid (C16:0) that is a saturated
fatty acid with 16 carbon atoms (C16); and stearic acid (C18:0) thatis a
saturated fatty acid with 18 carbon atoms (C18). Other examples include
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bonds, such as_oleic acid (C18;1) having one double bond, linoleic acid
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Qféﬁgd to as Poly Unsaturated Fatty Acid (PUFA). Incidentally, higher

animals.generally do not have desaturases involved in the syntheses of
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accumulated predominantly in the form of triglycerides to
provide energy sources in seeds and fruits. The amount of
lipids accumulated in plants, and their fatty acid
composition differ depending upon the types of plants.
Examples of main fatty acids accumulated in plants
include: palmitinic acid (C16:0) that is a saturated fatty
acid with 16 carbon atoms (C16); and stearic acid (C18:0)
that is a saturated fatty acid with 18 carbon atoms (C18).
Other examples include unsaturated fatty acids with 18
carbon atoms (C18) having unsaturated bonds, such as
oleic acid (C18:1) having one double bond, linoleic acid
(C18:2) having two double bonds, and oa-linolenic acid
(C18:3a) having three double bonds. Plants containing a
relatively large amount of these fatty acids, such as
soybean, oil palm, sunflower, rapeseed, and coconut palm,

are cultivated as fat or oil source plants (also referred to



essential fatty acids. In the body of higher animals, desaturation and
elongation of carbon chains are repeated using these unsaturated fatty
acids as substrates, so as to synthesize various unsaturated fatty acids,
including dihomo-y-linolenic acid, arachidonic acid (C20:4n-6),
eicosapentaenoic acid (EPA) (C20:5n-3), and docosahexaenoic acid
(DHA) (C22:6n-3). It is known that thése PUFASs have various functions

for the metabolism in the body of higher animals, and play an important
role as direct precursors of prostaglandins. Particularly, elderly people
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from plants (foods from vegetable sources). Therefore,
linoleic acid and a-linolenic acid are referred to as
essential fatty acids. In the body of higher animals,
desaturation and elongation of carbon chains are
repeated wusing these unsaturated fatty acids as
substrates, so as to synthesize various unsaturated fatty
acids, including dihomo-y-linolenic acid, arachidonic acid
(C20:4n-6), eicosapentaenoic acid (EPA) (C20:5n-3), and
docosahexaenoic acid (DHA) (C22:6n-3).

It is known that these PUFAs have various functions
for the metabolism in the body of higher animals, and
play an important role as direct precursors of
prostaglandins. Particularly, elderly people and infants,
who have a reduced biosynthesis ability for

dihomo-y-linolenic acid, arachidonic acid, EPA, DHA, and

fatty acids need intake of these fatty acids from foods.



terms of control of productivity, stability of long-term supply, cleanliness,
and relative ease of purification, for example (e.g. see Document 1: Appl.
Microbiol. Biotechnol., 31, p11 (1987)). However, the microbial
fermentation currently raises problems in that it requires a high production
cost and a capital investment for scale-up, which cannot be carried out
easily. Therefore, if these PUFAs, paricularly arachidonic acid, can be
produced in oil plants, a significant improvement in the efficiency of their

roduction can be -5- expected, as well as cost reduction. In recent years,
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these genes into. higher plants. Examples of plants whose oil or fat
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extraction from fish oil. However, in view of the problems
such as depletion of fish, instable supply, and
contamination of o0il or fat resources caused by
environmental pollution, arachidonic acid has been
recently produced by microbial fermentation wusing
microorganisms such as Mortierella, which is superior in
terms of control of productivity, stability of long-term
supply, cleanliness, and relative ease of purification, for
example (e.g. see Document 1: Appl. Microbiol.
Biotechnol., 31, pll (1987)). However, the microbial
fermentation currently raises problems in that it requires
a high production cost and a capital investment for
scale-up, which cannot be carried out easily.

Therefore, if these PUFAs, particularly arachidonic
acid, can be produced in o0il plants, a significant

improvement in the efficiency of their production can be



(recombinant rapeseeds with an increased stearic acid content as high as
40%, produced by introducing an antisense gene to suppress expression
of a C18:0-ACP desaturase gene; see Document 3: Proc. Natl. Acad. Sci.
U.S.A,, 89, p2624 (1992)); (iii) high erucic acid (C22:1) content rapeseeds
(rapeseeds containing as high as 90% -6- erucic acid, produced by
introducing an LPAAT gene of yeast;3see document 4: Plant Cell, 9, p909
(1997)); (iv) high oleic acid content soybeans (soybeans with an

increased oleic acid content as high as 80% compared with the original
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promoter derived from the (3-conglycinin gene encoding a soybean seed
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actually modified by genetic recombination include: (i)
lauric acid-producing rapeseed (transgenic rapeseed
obtained by isolating a medium-chain acyl-ACP
thioesterase gene from laurel, which contains a relatively
large amount of lauric acid, and then by introducing the
gene, which specifically acts on C12:0-ACP (Acyl Carrier
Protein) and releases lauric acid, into rapeseed by
legating it to the promoter of a napin gene that encodes a
storage protein of the rapeseed; see Document 2: Science,
257, p72 (1992)); (ii) high stearic acid content rapeseeds
(recombinant rapeseeds with an increased stearic acid
content as high as 40%, produced by introducing an
antisense gene to suppress expression of a C18:0-ACP
desaturase gene; see Document 3: Proc. Natl. Acad. Sci.
U.S.A., 89, p2624 (1992)); (iii) high erucic acid (C22:1)

content rapeseeds (rapeseeds containing as high as 90%



polyunsaturated fatty acids, gene introduction has been attempted by
isolating the cDNAs of A6 desaturase, chain -7- elongase, and AS
desaturase from Mortierella, which produces polyunsaturated fatty acids,
and by ligating these cDNAs to various promoters (e.g. see document 11:
"Shokubutu Riyou Enerugi Shiyou Gourika Seisan Gijutsu no Kenkyu
Kaihatu Seika Houkokusho" (report-ob the results of research and
development on biomass energy utilization rationalization industrial
technology) reported in 2002; and document 12: Yoshikazu Tanaka,
TRIGHG SHdkbiryBl ShigeR tho Ramég SHsKMME B&lio PRAYSD ®fae of
Dai 8 Kenkyukaj Shiryou" &Material of 8th_workshop in 160th Committee .
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Society for the promotion of science), p14-16, held on June 13, 2003).
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metabolic engineering”, NTS Inc., ISBN4-86043-004-2C , p574-586
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pathway producing linoleic acid from oleic acid, wherein a
promoter derived from the P-conglycinin gene encoding a
soybean seed storage protein was used as the
Fad2-controlling promoter); and (v) vy-linolenic acid
producing rapeseeds (rapeseeds produced by introducing
A6 desaturase gene isolated from Borago officinalis; see
Document 5: Proc. Natl. Acad. Sci. U.S.A., 94, p4211
(1997)). Further, it has been reported that arachidonic
acid and EPA were produced in flax plants by expressing
Bacillariophyceae-derived A6 desaturase gene and AS
desaturase gene and a physcomitrella patens—-derived
chain elongase gene (see Document 6: J. Biol. Chem. 278,
p35115, (2003)).

Further, for the production of soybeans producing

polyunsaturated fatty acids, gene introduction has been

attempted by isolating the cDNAs of A6 desaturase, chain



expression of a gene of an enzyme involved in the determination of
carbon-chain length, or a gene for a desaturase that determines the
number and position of double bond. Further, for the production of fatty
acids which are not inherent to the host plant, the time and site of fatty
acid synthesis, and the form of the fatty acids in the cells must be
considered to prevent adverse effects/ of the fatty acids on the growth of
the host plant. Still further, in the expression of genes of foreign

organisms, particularly non-plants, there are cases where_the transcripts
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process must be carried out (e.g. see document 9: Bio/TechnoIogf/_ 11p
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reactions forms a complex in the cell, and metabolites of these enzymes
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not clear as to whether I} transcription
in 2002; and document 12: Yoshikazu Tanaka, "Chikyu
Shokuryou Shigen no tame no Shokubutu Baio Dai 160
Iinkai Dai 8 Kenkyukai Shiryou" (Material of 8th
workshop in 160th Committee on biotechnology for global
environment, foods, and resources), (Japan Society for
the promotion of science), p14-16, held on June 13, 2003).
Note that, the descriptions herein are based on Document
7: "Plant metabolic engineering", NTS Inc.,
ISBN4-86043-004-2C3045, p574-586 (2002), or document
8: J. Plant Physiol. 160, p779 (2003), unless otherwise
noted.

However, the description in Document 6 reporting on
arachidonic acid-producing plants remains unclear and
its disclosure is insufficient.

More specifically, for the introduction of foreign

genes into plants to modify the composition or quality of



and translation of fatty acid synthesizing genes derived from foreign
organisms, e.g. Mortierella are carried out efficiently in plants, (ii) whether
enzymes encoded by these genes can function well in plants, (iii) whether
the enzymes can function cooperatively with a group of lipid synthetases
in the cells of plants, or (iv) whether the arachidonic acid can accumulate
in the form of triglycerides to provide&n oil body as do other fatty acids,
for example. That is, the production of arachidonic acid by the
introduction of a foreign gene into plants takes tedious trial and error.
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in the cells must be considered to prevent adverse effects
of the fatty acids on the growth of the host plant.

Still further, in the expression of genes of foreign
organisms, particularly non-plants, there are cases where
the transcripts are processed. In such a case, for example,
codon modification or other process must be carried out
(e.g. see document 9: Bio/Technology 11 p194, 1993).

Further, enzymes involved in a series of biosynthesis
reactions forms a complex in the cell, and metabolites of
these enzymes may be metabolized through the molecular
channel (e.g. document 10: Proc. Natl. Acad. Sci. U.S.A.
96, p12929 (1999)). In such a case, even if a gene of an
enzyme involved in the biosynthesis is known and its gene
introduction technique is known, it is very difficult to

predict how the enzyme produced by the introduced

foreign gene functions and produces a desired substance



involved in fatty acids synthesis) are actually expressed in the soybeans
at a protein level and have an enzymatic activity, that is, whether or not
lipid compositions of the transformed soybeans were altered. Thus, the
production of polyunsaturated fatty acids in soybeans is an extremely
difficult technique and requires a multistage technological development.
In fact, in the reports of Documents-19 and 12, transformant soybeans
(plants) which produce polyunsaturated fatty acids are not obtained.
Further, in Documents 6, 11, and 12, there is no report on transformant
brarfl v tBitam broducing polyunsaturated fatty acids (e.g.
arachidonic acid) is inherited to the next generation. That is, )
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HSol® &RACYISH oBhiR RObYe fUERT RRTRRIGIRS o piardts B RREARE Ve
BB TSP SIMRGHE Toftaort HRbbIGhHS Snd (Reroby ELAE, toLERY-
SRS EOGTING by 8an® i Sre BrotuRa By by TAp G Bon
A R S B A e Y RS St e T fea

ﬂgr%ro%?é?g%l’fglll%\g%qé)l\ﬁ%qnﬁerr%a}ti%ortierella are carried out

efficiently in plants, (ii) whether enzymes encoded by
these genes can function well in plants, (iii) whether the
enzymes can function cooperatively with a group of lipid
synthetases in the cells of plants, or (iv) whether the
arachidonic acid can accumulate in the form of
triglycerides to provide an oil body as do other fatty acids,
for example. That is, the production of arachidonic acid
by the introduction of a foreign gene into plants takes
tedious trial and error.

Further, as to legume plants, particularly soybeans,
difficulties of genetic transformation by gene introduction
have been pointed out, and there is scant information
regarding transformation of soybeans. According to some
reports, transformation efficiencies and regeneration
efficiencies of soybeans are extremely low, and only some

species of soybeans can be transformed (e.g. see



of the enzyme function. Further, it has been strongly demanded to obtain
transformant plants that inherit the trait of producing polyunsaturated fatty
acids to the next generation. DISCLOSURE OF INVENTION The present
invention was made in view of the foregoing problems, and an object of
the invention is to provide arachidonic acid-containing plants and a
method of use thereof. In accomplishidg the present invention, the - 12
inventors prepared a recombinant expression vector in which three kinds
of Mortierella-derived genes for A6 _desaturase, fatty-acid-chain elongase,
HRICATeSdtutake S H58iBd BEvAkdaHiBrd sdybéd? 9Hd-dpecticro
promoter with a terminator. The recombinant expressjion vector was
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a result, the inventors have, found, for the first time, that the foreign genes
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required for the synthesis of polyunsaturated fatty acids.
In addition, (iii) it is necessary to confirm whether or not
gene products derived from foreign organisms (enzymes
involved in fatty acids synthesis) are actually expressed
in the soybeans at a protein level and have an enzymatic
activity, that is, whether or not lipid compositions of the
transformed soybeans were altered.

Thus, the production of polyunsaturated fatty acids
in soybeans is an extremely difficult technique and
requires a multistage technological development. In fact,
in the reports of Documents 11 and 12, transformant
soybeans (plants) which produce polyunsaturated fatty
acids are not obtained.

Further, in Documents 6, 11, and 12, there is no
report on transformant plants whose trait of producing
polyunsaturated fatty acids (e.g. arachidonic acid) is

inherited to the next generation. That is, transformation



arachidonic acid are introduced into a plant to produce arachidonic acid.
It is preferable that the arachidonic acid producing step include a
transforming step in which a recombinant expression vector containing
genes encoding the fatty acid synthetases associated with the
biosynthesis of arachidonic acid are introduced into a plant cell. It is
preferable that the arachidonic acid-prdducing - 13 step further include a
recombinant expression vector constructing step of constructing a
recombinant expression vector. It is preferable that the recombinant
efpredssri svettdr chRsrubiRfisistinaudela fepinnarEUAa tefesfatty
encoding the fatty acid synthetases associated with the biosynthesis of
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romoter. It is preferable that the fatty acid synthetases associated with
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foregoing problems and thereby realize, through trial and
error, arachidonic acid-containing plants, particularly
arachidonic acid-containing soybeans, which are
produced by actually introducing a gene derived from
foreign organisms into plants and then confirming not
only its expression in a DNA level but also the expression
of an enzyme in a protein level, followed by confirmation
of the enzyme function. Further, it has been strongly
demanded to obtain transformant plants that inherit the

trait of producing polyunsaturated fatty acids to the next

generation.

DISCLOSURE OF INVENTION

The present invention was made in view of the
foregoing problems, and an object of the invention is to
provide arachidonic acid-containing plants and a method
of use thereof.

In accomplishing the present invention, the



monocarboxyl acid. It is preferable that the gene encoding the A6
desaturase be one of: (c) a gene having a base sequence of SEQ ID NO:
2 as an open reading frame; and (d) a gene that hybridizes under
stringent conditions with a gene of a base sequence complementary to a
base sequence of a - 14 gene identified by SEQ ID NO: 2, and that
encodes a protein which catalyzes-alt2action of introducing an
unsaturated bond at position A6 of an aliphatic monocarboxyl acid. It is
preferable that the fatty-acid-chain elongase be one of: (e) a protein
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chain of an aliphatic monocarboxyl acid. Itis preferable that the gene
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base sequence of SEQ ID NO: 4 as an open reading frame; and (h) a
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found, for the first time, that the foreign genes were
actually expressed in the soybean at a protein level, and
that the proteins were actually functional as enzymes to
produce arachidonic acid. It was also confirmed that the
transformed soybean actually contained arachidonic acid.

In order to solve the foregoing problems, an
arachidonic acid-containing plant according to the
present invention is produced by a process that includes
an arachidonic acid producing step in which fatty acid
synthetase genes associated with the biosynthesis of
arachidonic acid are introduced into a plant to produce
arachidonic acid.

It is preferable that the arachidonic acid producing
step include a transforming step in which a recombinant
expression vector containing genes encoding the fatty
acid synthetases associated with the biosynthesis of

arachidonic acid are introduced into a plant cell.

It is preferable that the arachidonic acid producing



protein consisting of an amino acid sequence of SEQ ID NO: 5; and (j) a
protein, consisting of an amino acid sequence that has been modified by
substitution, deletion, insertion, and/or addition of one or more amino
acids of - 15 SEQ ID NO: 5, for catalyzing a reaction of introducing an
unsaturated bond at position AS of an aliphatic monocarboxyl acid. It is
preferable that the gene encoding thé AS desaturase be one of: (k) a
gene having a base sequence of SEQ ID NO: 6 as an open reading

frame; %nd ) a gene t&?} hybridizes under stringent conditions with a
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Yk etachiclonis tasid; tonesgepesrepbadin et et Ryl Bci siglhétaseg diee s
derived from Mortierella alpina. It is preferable that the arachidonic acid

5roBREtHg Esthh olAdETarriste SHBH BE3BRESInG SRALSR Weppiitihgthe
BIBETRON LR desatyasina nast d s ERERR WIS tream
of a soybean seed-specific promoter.

It is preferable that the fatty acid synthetases
associated with the biosynthesis of arachidonic acid be A6
desaturase, a fatty-acid-chain elongase, and a A5
desaturase.

It is preferable that the A6 desaturase be one of: (a)
a protein consisting of an amino acid sequence of SEQ ID
NO: 1; and (b) a protein, consisting of an amino acid
sequence that has been modified by substitution, deletion,
insertion, and/or addition of one or more amino acids of
SEQ ID NO: 1, for catalyzing a reaction of introducing an
unsaturated bond at position A6 of an aliphatic
monocarboxyl acid.

It is preferable that the gene encoding the A6
desaturase be one of: (c) a gene having a base sequence of
SEQ ID NO: 2 as an open reading frame; and (d) a gene
that hybridizes under stringent conditions with a gene of

a base sequence complementary to a base sequence of a



expression of the A15 desaturase be suppressed by an RNAi method. -
16 The present invention includes plants containing the arachidonic acid
produced by the foregoing oil or fat source plants. It is preferable that the
plant be a plant cell, a plant tissue, a plant callus, a plant seed, a grown
plant individual, or offspring of a plant individual having the same trait as
the grown plant individual. It is more Igteferable that the plant be a
soybean. The present invention includes arachidonic acid obtained from
the arac,fadonic aci -containin%nplant. The present invention also includes
e

§eBmpodinatiftich MRIuddsheltadhidonie achiBurtitd ttheRfRAfish 2

?Bnﬁlu%elsnfoo\gfl\ll\ir%ﬁh "&%{‘Eg‘i? $i8 Coa{“.p%%ﬁ]@’t‘%ﬂe PFESHLIBYENRN 21

udes an arachidonic acid-containing plant preparation Kit for preparing
the alaehidenis acileoataining DB‘BBitﬁ%ﬁracﬁiéoni@)faCiQ'ﬁontﬁiﬁiﬁBatic
plant preparation kit including at least a recombinant expression vector
inodudingaa poxtydtercdidd genes for encoding fatty acid synthetases
associated with the biosynthesis of arachidonic acid. Preferably, the
present inienpos facabés & bettot kadg@ityfor didtodbeiny théongase be
recombinant expression vector into a plant_cell. In order to achieve the

P&, Kk AVBARIE BRI IbREcEd Rfréigh Béné g SpaHEnCe
3295315 11HNBY 1oL ORI Y Dr RN Ced Al AR QU an amino
acid sequence that has been modified by substitution,
deletion, insertion, and/or addition of one or more amino
acids of SEQ ID NO: 3, for catalyzing a reaction of
elongating a carbon chain of an aliphatic monocarboxyl
acid.

It is preferable that the gene encoding the
fatty-acid-chain elongase be one of: (g) a gene having a
base sequence of SEQ ID NO: 4 as an open reading frame;
and (h) a gene that hybridizes under stringent conditions
with a gene of a base sequence complementary to a base
sequence of a gene identified by SEQ ID NO: 4, and that
encodes a protein which catalyzes a reaction of elongating
a carbon chain an aliphatic monocarboxyl acid.

It is preferable that the A5 desaturase be one of: (i) a
protein consisting of an amino acid sequence of SEQ ID
NO: 5; and (j) a protein, consisting of an amino acid
sequence that has been modified by substitution, deletion,

insertion, and/or addition of one or more amino acids of



- 17 plants, namely, soy beans, containing arachidonic acid. This is not
hindsight based on prior art. As described, the present invention provides
arachidonic acid-containing plants produced by introducing into plants
fatty acid synthetase genes associated with the biosynthesis of
arachidonic acid, thereby enabling plants to produce arachidonic acid.
The present invention is therefore efteéctive in readily obtaining plants
containing arachidonic acid. That is, the present invention enables
arachidonic acid to be produc%j in plants. This is advantageous in terms

56 By NGt 2ndl ParfaNaNYZERRihd PR ProaliibT 2drasRe an
massRiogyetion Ofbaéﬁlccl’}lid‘.’é‘{c fﬁs%s%%iswp%%d with Obé?l”i”%u hatic
oll or onic

arachidonic acid from fis Icroorganisms. Further, arachi

ﬁg@@@@h&iggﬂa@&&pcording to the present invention are highly
effective in that their traits to produce polyunsaturated fatty acids are

passed ontstheprefegerisratiorh Aberefose, Hen ehaeacterigiingofthe AS
modified fatty acids in the arachidonic acid-containing plants are passed
ortd aftiel 1S gbreraxion pfant&) TAug Cukivhig the arabliidenisequence
acid-containing\yplants enables the seeds of the arachidonic

iR ind Man®s B5hé hRR prods@d Wan i hodfiBdiraty acRene
gglfa@%‘%@i%@ﬁ@&fsgya%%gPtasi@}fi%gfeaﬁ AAVAHS NGRS JUANIN Q¥eh
a base sequence complementary to a base sequence of a
gene identified by SEQ ID NO: 6, and that encodes a
protein which catalyzes a reaction of introducing an
unsaturated bond at position AS of an aliphatic
monocarboxyl acid.

It is preferable that the fatty acid synthetases
associated with the biosynthesis of arachidonic acid, or
the genes encoding the fatty acid synthetases be derived
from Mortierella. It is more preferable that the fatty acid
synthetases associated with the biosynthesis of
arachidonic acid, or the genes encoding the fatty acid
synthetases be derived from Mortierella alpina.

It is preferable that the arachidonic acid producing
step include an expression suppressing step of
suppressing expression of a A15 desaturase in a host.

It is preferable that, in the expression suppressing step,
expression of the A15 desaturase be suppressed by an

RNAi method.



extended time period. The same effects can also be obtained in
leguminous plants, for example, such as soybeans, which are relatively
difficult to transform. That is, the present invention also includes
arachidonic acid-containing soybeans, which can exhibit the same effects
as the arachidonic acid-containing plants. Arachidonic acid is an essential
fatty acid in higher animals includingliftumans. For this reason,
arachidonic acid has been widely used in health food or medicines. The
present iFE\ésntion can meet these increasin dem?nds for arachjdanic

acid. BRIEE PESCRPHON DR BRAWM Bid [PRIS RRpdmining the
sghematcally llustrating & b@i)ﬁ%ntge“ﬁfa vy pf pol 6Jﬂ§§t%aitledg?ttyfat
ids. Fig. -y \ lustiat %

aci is a diagram schematically rating préparation steps of
@'@ﬁ'PB%V%ﬁtQhR§Pﬁ%8H %Qf@if‘ﬁb%t%@ﬁsfeﬁfei eatan 1.3 i{él%nt
diagram schematically illustrating an overall picture of the plasmid vector
pS PR 1877 1aacording e tha ppéaent iowéhtien. a1p BmITIMODE £FQRown
CARRYING OUT THE INVENTION The present invention concerns plants
e séybednyigroalicedrby H prodess fof sronlieing prRdiy ol vabdumsing
containing arachidonic acid, which is one of essentjial PUFAs in higher

SRifnaE e IdiiorTaliaCoRERME uBdAgt ek S JdyBsatgore
}B)?feo eer%e[?&rzlbclﬂ%{h%he plant be a soybean.

The present invention includes arachidonic acid
obtained from the arachidonic acid-containing plant. The
present invention also includes a composition which
includes the arachidonic acid. Further, the invention
includes food which includes the composition. The
present invention also includes an  arachidonic
acid-containing plant preparation kit for preparing the
arachidonic acid-containing plant, the arachidonic
acid-containing plant preparation kit including at least a
recombinant expression vector including a promoter and
genes for encoding fatty acid synthetases associated with
the biosynthesis of arachidonic acid. Preferably, the
present invention includes a set of reagents for
introducing the recombinant expression vector into a
plant cell.

In order to achieve the invention, the inventors
actually introduced a foreign gene into a plant, and, after

trial and error, successfully produced oil or fat source



invention in detail, the following will discuss a brief overview of lipid
biosynthesis in higher plants in general. Most lipids in higher plants
contain 16 or 18 carbon atoms with 1 to 3 unsaturated bonds. The
majority of fatty acids in these lipids are synthesized in the plastids such
as the chloroplasts, using acetyl-CoA as a first substrate. In the first
reaction involving acetyl-CoA and eakrGon dioxide, malonyl-CoA is
produced by the catalytic action of the acetyl-CoA carboxylase (ACCase).
The reaction is one of the rate-determining reactions in the biosynthesis

B BSS rat AR pISAMS, RFFE HelE0St dthitGerfBANE RTSF ot 614
BLPLOSUCHRN. I Ve, FORPERUQD. dNgTg s beerp report that a total

amoun r fat produced In rapeseeds was increased by 5% by the

overexpressienaiaqnifase gene (Plard Shysiokn 113 thda-81 418 hes
The malonyl group of the malonyl-CoA is transferred to ACP to produce a
aedaryFACRL T he malnhyedLtasa 1@ progileattyndergaesiaisgries of by
reactions by repeating condensation, reduction, dehydration, and
iedustidn.ain gachitiele, Pe rdactidiest Wd tdoichrbdiatdms as the genes
molecule by the catalytic action of a set of enzymes in a fatty acid

g)’qfﬁﬁ)&]a%geé%mmé%l prBHl‘fcinBiQ BB oro€18b24EPIR T erycid s

ost of the C18:Q-ACPs have a ,first unsaturated bond. at the A9 positi
pe by il B IES (U ohas e S R A RO, e

G180:ACP despifassdesiding ipihe plRstid. effective in  readily

obtaining plants containing arachidonic acid. That is, the
present invention enables arachidonic acid to be
produced in plants. This is advantageous in terms of not
only cost and, particularly, efficiency of the production
but also mass production of arachidonic acid, as
compared with obtaining arachidonic acid from fish oil or
microorganisms.

Further, arachidonic acid-containing plants
according to the present invention are highly effective in
that their traits to produce polyunsaturated fatty acids
are passed onto the next generation. Therefore, the
characteristics of the modified fatty acids in the
arachidonic acid-containing plants are passed onto the
next generation plants. Thus, cultivating the arachidonic
acid-containing plants enables the seeds of the
arachidonic acid-containing plants to be mass produced

with the modified fatty acid composition, thereby



Some of the C18:1-ACPs are used in the biosynthesis of glycerolipids in
the plastids. The others are separated from the ACPs by the catalytic
action of the thioesterase, and transported out of the plastid in the form of
a CoA ester for the biosynthesis of glycerolipids in the endoplasmic
reticulum. That is, the biosynthesis of glycerolipids occurs simultaneously
inside and outside of the chloroplast$&mainly in the endoplasmic
reticulum if it is outside of the chloroplasts). The biosynthetic pathway of
??:%cerplipids follows that of prokaryotes if it is in the chloroplasts, whereas

(BB R ERSIHNBALCtakifghial ofGds of WEAChIdISpIRET an

1:§))I<It W &heed b[ilo Q;E‘%t];irq ggt'hway of el_Jkaryotes. In either biosynthetic
pathway, an acyltransterase successively transfers the acyl group to the

sn-1 posjiiens aAdes %?f 98%@%% tQ?ﬁJY%%E%BHaE%(%&’rﬁ% ous
-21 thereby forms different kinds of glycerolipids with different polar head

@leupss suchoas pbaspiaity)chelineh(P@)sandsplydsphatidylgkyderoh(P@)re
Some of the lipids, such as PC, synthesized in the eukaryotic biosynthetic
pallavayadacomhd thewhhintsonstwasiottie mébianés ,wHileahepsthemnt
transfer the third acyl group to the sn-3 position and become

e ialedtol (FARS), whithiR 465 maT RGHSHGaHOr dBpdertofH@ining
ﬁ%}}%‘a’fi"”e OWF}F‘BE ag febresg ‘E%IPV {e, sqybean 'Slegfg_g\cyé'sc the

I
eic acid‘and a-inolenic  acid’ Al Igher plants contain
desatW A6 %acid-containing plants.

Arachidonic acid is an essential fatty acid in higher
animals including humans. For this reason, arachidonic
acid has been widely used in health food or medicines.
The present invention can meet these increasing demands

for arachidonic acid.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagram schematically illustrating a
biosynthetic pathway of polyunsaturated fatty acids.

Fig. 2 is a diagram schematically illustrating
preparation steps of plasmid vector pSPB1877 according
to the present invention.

Fig. 3 is a diagram schematically illustrating an
overall picture of the plasmid vector pSPB1877 according

to the present invention.



desaturase, and A3 desaturase. The 18:0-ACP desaturase is known to
reside in the plastids, whereas the A12 desaturase and A3 desaturase
are both present in the form of at least two isozymes, one in the plastid
and the other in the ER. Further, certain species of plants have unique
desaturase genes. For example, the A6 desaturase of evening primrose
or Borago officinalis generates y-linal&nic acid from linoleic acid. The A5
desaturase of Limnanthes douglasii is involved in the synthesis of C20:1
(A5). The majority of fatty acids in plants are C16 or C18. Plants
additionally require very long-chain fatty acids with 20 or greater carbon

Horer WRSHEFIR CARRYIPESBHEM 2ihe ey ffaTeghe body

,orasa onstituent of sphingolipids contained in a large

amOL_Jntl‘ﬂ'b""ﬁr‘%‘-’é'e’ﬁ%”i?f@@%Pirotﬁn%@ﬁ%e'fﬂréh%ﬁd@l%@"k?nﬁ'?‘@&%r@e ans
considerable proportion of C20 or C22 very long-chain fatty acids are

earddinet ds the depot fate ke feyntpetclpathivay of diet yekyrosgychbaian s
fatty acids is similar to that of the de novo synthesis of fatty acids
caxalieéd byghe faghuce syigthaasd complsdinite oseasethacspential
cycle of condensation, reduction, dehydration, and reduction adds two
argon St S hET AR ASs, el YO Pativsy GPIRESERP Use
Iopo-cliain athy agis. the condensgtion eactign piihe edsingacyl, he
groups and the ma onyl?dqo isalgo balieved o be the rate-de ermlr%ng
ieARIARonelondaiRG e the following will discuss a brief

overview of lipid biosynthesis in higher plants in general.

Most lipids in higher plants contain 16 or 18 carbon
atoms with 1 to 3 unsaturated bonds. The majority of
fatty acids in these lipids are synthesized in the plastids
such as the chloroplasts, using acetyl-CoA as a first
substrate. In the first reaction involving acetyl-CoA and
carbon dioxide, malonyl-CoA is produced by the catalytic
action of the acetyl-CoA carboxylase (ACCase). The
reaction is one of the rate-determining reactions in the
biosynthesis of oil or fat in higher plants, and is believed
to influence the level of oil or fat production. In this
connection, there has been a report that a total amount of
oil or fat produced in rapeseeds was increased by 5% by
the overexpression of an ACCase gene (Plant Physiol., 113,
p75-81 (1997)).

The malonyl group of the malonyl-CoA is transferred

to ACP to produce a malonyl-ACP. The malonyl-ACP so



chain. Contrary to the de novo fatty acid synthesis in which the chain is
elongated from the acyl group forming a bond with the ACP, the synthetic
pathway of the very long-chain fatty acids does not require ACP for the
elongation of the carbon chain. Recently, enzyme genes involved in the
first condensation reaction of the chain elongating reaction were obtained
from Arabidopsis thaliana or Simmoeg€sia chinensis. These enzyme

genes, specific examples of which are FAE1 (Plant Cell, 7, p309 (1995))
and KCS gene (Plant Cell, 8, p281 (1996)), were found to be involved in
PEAGHIESs BRAARMBRG ay -287 Hehs Wit 88 OHGHBStePearBGPSRME S

It shoyl ted here that.when the fatty-acid-chain elongases of the
A S A ST AR P SR 1
B1841341996). %-}?émrgﬁémoﬁgzéﬁﬁﬁv&l%gg%%ﬁ CQ’HE_’ﬁ{éd_Wﬁhthe
the elongases of the FAE1/KCS family in plants, there is no similarity
betieemlleeib prirtharysegubndes.aldd arajorftyaofistbe dépetfaismes in a
TAGs, which are generated by the successive acylation of the G3P
sapplied ciensthe dysipiasmcTheRhese apyiogtoupsia theGAG: QreACP or

transferred to the glycerol skeleton by different acyltransfereases. One of

fhd& QepMrahsidtaddiss A bphdiPRLHAE ddif alytErrdtdsBILPRAR) 2
AT e R B AP (AT e mine
carbon from the carboxyl end) by the catalytic action of a
C18:0-ACP desaturase residing in the plastid.

Some of the C18:1-ACPs are used in the biosynthesis
of glycerolipids in the plastids. The others are separated
from the ACPs by the catalytic action of the thioesterase,
and transported out of the plastid in the form of a CoA
ester for the biosynthesis of glycerolipids in the
endoplasmic reticulum. That is, the biosynthesis of
glycerolipids occurs simultaneously inside and outside of
the chloroplasts (mainly in the endoplasmic reticulum if
it is outside of the chloroplasts). The biosynthetic
pathway of glycerolipids follows that of prokaryotes if it is
in the chloroplasts, whereas the glycerolipid biosynthesis
taking place outside of the chloroplasts follows the
biosynthetic pathway of eukaryotes.

In either biosynthetic pathway, an acyltransferase
successively transfers the acyl group to the sn-1 position

and sn-2 position of the glycerol triphosphate (G3P), and



believed to be one of the factors that determines the fatty acid
composition of the depot fat. The TAG is also produced in the synthetic
pathway based on PC, which is the predominant lipid synthesized in the
eukaryotic synthetic pathway as described above. The TAG is
synthesized on the membrane surface of the smooth endoplasmic
reticulum, and accumulates in the ligid bilayer membrane. Over time,
portions of the lipid bilayer membrane that have accumulated the TAG
ut and separate frgm the endoplasmic r ticulum by éﬁ% fgrmlng a

El%géﬂsomﬁ as G By SurréiRdts b;P iGIH6R8 with
I d hai
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hydroxylated or epoxidized. Most of these unique fatty acids occur in the
torolof 2AGPThe menh&ysizbyl vilicht he synthetiy paitbways ef/theRetic
fatty acids are controlled is not all clear, but involvement of a highly
pubdiratasspeeitio phosphelipasd or aoyhednsieeate bds tbeerisagybsene,
ThIS IS one of the reasons that makes it difficult to predict the outcome
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The biomenbrane of plants as represented by the
soybean is generally rich in linoleic acid and a-linolenic
acid. All higher plants contain 18:0-ACP desaturase, A12
desaturase, and A3 desaturase. The 18:0-ACP desaturase
is known to reside in the plastids, whereas the Al2
desaturase and A3 desaturase are both present in the
form of at least two isozymes, one in the plastid and the
other in the ER. Further, certain species of plants have
unique desaturase genes. For example, the A6 desaturase
of evening primrose or Borago officinalis generates
y-linolenic acid from linoleic acid. The A5 desaturase of
Limnanthes douglasii is involved in the synthesis of C20:1
(AS).

The majority of fatty acids in plants are C16 or C18.
Plants additionally require very long-chain fatty acids
with 20 or greater carbon atoms, which occur as the main

constituent of the wax covering the body surface, or as a



or fat source plants. Oil or fat source plants according to the present
invention produce arachidonic acid. The invention therefore provides oll
or fat source plants containing arachidonic acid. In the following, a
producing process of oil or fat source plants containing arachidonic acid
(may be referred to as "arachidonic acid-containing plants") according to
the present invention will be describ@a first, followed by oil or fat source
plants -25- produced thereby, and use of such oil or fat source plants. [1]
Producing process of arachidonic acid-containing _plants A producing

FoRedL 13t SRdcidoRR iR BCOHRAAM S PR BF Soye dhdl aE&S5afE A 1 t
the p{ﬁ%e”tc%‘lge”%}?”&% 7 t@@”%%"ﬁ”&'&%]ﬁ{éﬁf%&%.tefﬁ“a&fﬁéerp&i some
qs F t Hhe s?ep

conditions, and materials it uses, as long e process inclutes
%ﬁ&ﬁ?@é‘?inﬁ araChigRniG- agi gy} W@Bﬂﬁt%@a@@ datiyracido o very
synthetase genes associated with the biosynthesis of arachidonic acid.
Firatg “ehzyime$ aassociatietkwith éhe dattpanid dyathadis' Widpet fat. The
described. [ 1-1 ] Enzymes associated with the fatty acid synthesis Fatty
apin thethistageastineain thé prasernténventivn gaed) fomextaiple, eoisks is
associated with the biosynthesis _ of arachidonic acid, ,non-indiigenous to

fHéHdarpldRt. Béteraly, Highet BlaRRUifclGdd & yfots oPéntortiss tR&ids
%%tég%feztehg %?yQ@ESi?fggyoggigdgfﬁ fl”fril eliesneizc complex, in the
sense that one cycle of condensation, reduction,
dehydration, and reduction adds two carbon atoms to the
chain. Thus, in the synthetic pathway of the very
long-chain fatty acids, the condensation reaction of the
existing acyl groups and the malonyl-CoA is also believed
to be the rate-determining reaction for elongating the
chain.

Contrary to the de novo fatty acid synthesis in which
the chain is elongated from the acyl group forming a bond
with the ACP, the synthetic pathway of the very
long-chain fatty acids does not require ACP for the
elongation of the carbon chain. Recently, enzyme genes
involved in the first condensation reaction of the chain
elongating reaction were obtained from Arabidopsis
thaliana or Simmondsia chinensis. These enzyme genes,
specific examples of which are FAE1 (Plant Cell, 7, p309
(1995)) and KCS gene (Plant Cell, 8, p281 (1996)), were

found to be involved in the synthesis of saturated fatty



acid from stearic acid, but require fatty acid synthetases required for the
biosynthesis of arachidonic acid from linoleic acid or a-linolenic acid.
Specific examples of such fatty acid synthetases include A6 desaturase,
fatty-acid-chain elongase (may be referred to simply as "elongase"), and
AS desaturase. -26- As the term is used herein, the "A6 desaturase"
refers to a protein that catalyzes the &hetion in which an unsaturated
bond is introduced at the A6 position of aliphatic monocarboxylic acids

(after the sixth carbon from the carboxyl end). The "fatty-acid-chain
@Sh‘éﬁs%"lt;(]éfe?rgt(i’ﬁ Brotéihthat taRRRed tREadifort HWHIdh PR o ted
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esaturase” refers to a protein catalyzes the reaction in whic
@Qﬁ@;wat%ﬁw i%ﬂm@QH@%@ at the A pesition o aliphaics (J. Biol.
monocarboxylic acids (after the fifth carbon from the carboxyl end). As
Sediereid,the tprh8 hSattrated poud" Bfels tCh eaarho2Cabonl 7376
double bond (C=C). For example, arachidonic acid can be produced in
$byaNs waycheapaXest othehhidhergdiang dydigating lgenE4\Epding CS
for the three kinds of fatty acid synthetases to a constitutive or

LaBRiEpecic RLATLS: atd fffditing the RHRER YdReshiten their

sorsébeans or other hti‘gher plants. Higher animals are capable of producing
r

fnead acid {C20:3] from

om'stearic acid in their n-9 pathway; however, they
cannot-pynihesizRlineleic acid er alinlenit@sidare TAGs, which are

generated by the successive acylation of the G3P supplied
from the cytoplasm. The three acyl groups in the TAG are
transferred to the glycerol skeleton by different
acyltransfereases. One of these acyltransferases is
lysophosphatidic acid acyltransferase (LPAAT) for
transferring the acyl group to the sn-2 position. The
LPAAT is generally highly substrate-specific, and is
believed to be one of the factors that determines the fatty
acid composition of the depot fat.

The TAG is also produced in the synthetic pathway
based on PC, which is the predominant lipid synthesized
in the eukaryotic synthetic pathway as described above.
The TAG is synthesized on the membrane surface of the
smooth endoplasmic reticulum, and accumulates in the
lipid bilayer membrane. Over time, portions of the lipid
bilayer membrane that have accumulated the TAG bulge

out and separate from the endoplasmic reticulum by



and therefore require intake of these fatty acids from vegetable oil. On the
other hand, some fungi, such as Mortierella, and other lower animals
such as nematodes have the pathways of both higher plants and higher
-27- animals, and are capable of producing arachidonic acid or EPA. As
such, the three kinds of enzymes, the A6 desaturase, fatty-acid-chain
elongase, and A5 desaturase can b@#btained from higher animals or
microorganism such as Mortierella Among different species of
Vg/lortlerella fllamentousf %ve been used fO{gth fermentation of

n
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arachidon accumulated via'li §6IC acid or a}lncﬁenl
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Mortierella alpina, linoleic acid or a-linolenic acid is produced in the same
bioskinthedie pathway a3 tiatead téghehplants.an dhie $¥tbetich pathweyms.
producing arachidonic acid from linoleic acid, the linoleic acid is first acted
Ghonasisthe rmBlgesatirase reepraduedt itinoleriia tHaid axtgls thbat have

fatty-acid-chain elongase (GLELO) produces dihomo-y-linolenic acid,

Rﬁféﬁ iSTEr e EdlintY araPdoriesdd Y heta® lgddagiigsainique
rg(jes enc%dln% all enzy d ﬁlmv%/re%lnoPerglgsypltﬁetlcnq h}vlvgyusm by
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which the synthetic pathways of these fatty acids are
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controlled is not all clear, but involvement of a highly
substrate-specific phospholipase or acyltransferase has
been suggested. This is one of the reasons that makes it
difficult to predict the outcome when non-indigenous
fatty acids are to be produced in plants at high level.
With these backgrounds, the following more specifically
describes the present invention.

The present invention relates to oil or fat source
plants containing arachidonic acid, and to use of such oil
or fat source plants. Oil or fat source plants according to
the present invention produce arachidonic acid. The
invention therefore provides oil or fat source plants
containing arachidonic acid. In the following, a producing
process of oil or fat source plants containing arachidonic
acid (may be referred to as “arachidonic acid-containing
plants”) according to the present invention will be

described first, followed by o0il or fat source plants



stearic acid have been isolated from Mortierella alpina. In fact, a gene
encoding the A5 desaturase (J Biol Chem. -28- 273, p19055 (1998)), and
a gene encoding the fatty-acid-chain elongase that specifically acts on
the y-linolenic acid or stearidonic acid (C18:4) produced by the catalytic
action of the A6 desaturase (Proc. Natl. Acad. Sci. U.S.A. 97, p8284
(2000)) are the first genes isolated -fédm-Mortierella alpina. Note that,
among the reactions of condensation, hydroxlation, dehydration, and
reduction involved in the elongation of the fatty acid chain, the
EFRAHSfon, AE TGS (R eticHs, BHellevBHto0be fat source
Eﬁgf%r@ste-specific. The A6 desaturase derived from Mortierella alpina is a
rotein with the amino acid sequence of SEQ ID NO: 1, and it is known to

catalyzg) hepreagirn AiNFPIHEng T wrsatwalerhiend &dhed\Rtaining

position of aliphatic monaocarboxylic acids. It should be noted here that
ineadNa sdesaturase used in the present invention is not limited to that set
forth in SEQ ID NO: 1 as long as it can catalyze the reaction of

introdudin® aadrsagatod @oad it tHe ABapbdidomat akighaticontaining
monocarboxylic acids. Specifically, the invention can use a protein of an

Bt SciisetiRed iiarHeS Bl o bitieldsy BiSstedtion Hestibion is

insertion, and/qr additjon of one.or more ami cids of the amino acid
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substituted,
of producing arachidonic acid by introducing into plants
fatty acid synthetase genes associated with the
biosynthesis of arachidonic acid. First, “enzymes
associated with the fatty acid synthesis” will be described.

[1-1] Enzymes associated with the fatty acid
synthesis

Fatty acid synthetases used in the present invention
are, for example, those associated with the biosynthesis
of arachidonic acid, non-indigenous to the host plant.
Generally, higher plants include a group of enzymes that
catalyze the biosynthesis of linoleic acid or a-linolenic
acid from stearic acid, but require fatty acid synthetases
required for the biosynthesis of arachidonic acid from
linoleic acid or a-linolenic acid. Specific examples of such
fatty acid synthetases include A6 desaturase,
fatty-acid-chain elongase (may be referred to simply as

“elongase”), and AS desaturase.



-29- inserted and/or added is not particularly limited. However, for
example, 1 to 20 amino acids, preferably 1 to 10 amino acids, more
preferably 1 to 7 amino acids, further preferably 1 to 5 amino acids, and
particularly preferably 1 to 3 amino acids are substituted, deleted,
inserted, and/or added. The deletion, substitution, or addition of amino
acid can be carried out by modifying2be peptide-encoding base
sequence, using methods known in the art. In order to introduce mutation

in the base sequence, the Kunkel method, Gapped duplex method, or Y
other SIat RAoviE Hibthils B45 e K or SAmplé; hufbiidA isirase

piiedcsd using A yiRtgnomugig L (9 Amle MURG ;e an

utan bot ) employing the site- mutagenesis
nducing, methed, B"otﬁﬁ_l-/f‘spc_iﬁt%ﬂlﬁ%wte_‘ﬁﬁn%ﬂ%S%@SIEBsition of
(TAKARA). The fatty-acid-chain elongase derived from Mortierella alpina
slaghetein withdhe aginpoacidi sequeitte of HEE IDENO: Jiant it sarbon
known to catalyze the reaction of elongating the fatty acid chain of
atipmatid lreoreaksoxylic asids. It Should bettptedhdrethaitheelongase”
fatty-acid-chain eIonga_se used in the present invention is not limited to .
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pecifically, the invention can use a protein of an amiho acl
eq0Yg%Eed. The “A5 desaturase” refers to a protein that
catalyzes the reaction in which an unsaturated bond is
introduced at the AS position of aliphatic monocarboxylic
acids (after the fifth carbon from the carboxyl end). As
used herein, the term “unsaturated bond” refers to a
carbon-carbon double bond (C=C). For example,
arachidonic acid can be produced in soybeans (Glycine
max) or other higher plants by ligating genes coding for
the three kinds of fatty acid synthetases to a constitutive
or seed-specific promoter and introducing the ligated
genes into the soybeans or other higher plants.

Higher animals are capable of producing mead acid
(C20:3) from stearic acid in their n-9 pathway; however,
they cannot synthesize linoleic acid or a-linolenic acid,
and therefore require intake of these fatty acids from
vegetable oil. On the other hand, some fungi, such as

Mortierella, and other lower animals such as nematodes

have the pathways of both higher plants and higher



that has been modified by substitution, deletion, insertion, and/or addition
of one or more amino acids of the amino acid sequence of SEQ ID NO: 3,
so long as the protein has the foregoing catalytic action. The AS
desaturase derived from Mortierella alpina is a protein with the amino
acid sequence of SEQ ID NO: 5, and it is known to catalyze the reaction
of introducing an unsaturated bond &the AS position of aliphatic
monocarboxylic acids. It should be noted here that the AS desaturase
used in the present invention_is not limited to that set forth in SEQ ID NO:
gaé%ﬁl;sas%%r%aqaﬁa@ ReS R PEF it ERIANG Sh B Fafd or
%ofgg at the AS position of aliphatic monocarboxylic acids. Specifically,

€ invention can use a protein of an amino acid sequence that has been

modifiefl Dy gybstitution, delglipre dnsgAtipd sang/ior an ekonetfle A6
more amino acids of the amino acid sequence of SEQ ID NO: 5, so long
dethet preteio, héa the-facddoiob adialytlo aginse Asawill ba Slederfzedhirase
later, a producing process of plants according to the present invention
c@ansuitably hise gesksienendibd shee A6 alesaarks e OfattyracicPelrganism
elongase, and AS desaturase, using known gene recombinant
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systems are well studied. Specifically, in the major
biosynthetic pathway n-6 of  Mortierella alpina,
arachidonic acid is accumulated via linoleic acid or
a-linolenic acid. Note that, in the biosynthetic pathway of
arachidonic acid in Mortierella alpina, linoleic acid or
a-linolenic acid is produced in the same biosynthetic
pathway as that of higher plants. In the synthetic
pathway producing arachidonic acid from linoleic acid,
the linoleic acid is first acted upon by the A6 desaturase
to produce y-linolenic acid. Then, the fatty-acid-chain
elongase (GLELO) produces dihomo-y-linolenic acid,
which is later converted into arachidonic acid by the A5
desaturase.

Genes encoding all enzymes involved in the
biosynthetic pathway producing arachidonic acid from

stearic acid have been isolated from Mortierella alpina. In

fact, a gene encoding the A5 desaturase (J Biol Chem.



particular type of A6 desaturase. A specific example of the A6 desaturase
gene is a polynucleotide having the base sequence of SEQ ID NO: 2 as
an open reading frame (ORF). Evidently, the A6 desaturase gene is not
limited to the foregoing example, and may be a gene homologous to the
base sequence of SEQ ID NO: 2. Specifically, the gene may hybridizes
under stringent conditions with a gen@g8having a base sequence
complementary to the base sequence of a gene identified by SEQ ID NO:
2, and may_encode a protein that cata(liyzes the reaction of intr olucinggl\ge

arisaturated BOmPat thd AB PbsitioSalipRaticHidHocabBAME dbes.
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carried out by a conventional method, as described in J. Sambrook et al.
Mode crdan Igttiing c Al baborfitohye Med udk 2athirch s€ o8 SpeindN Hidrbdrcad.
Laboratory (1989), for example. Generally, the level of stringency
Medeatbdwith iAdrear8 MAEMFPAIGNY -82cahb/or desftegrrig saisolated

concentration (mare difficult to hybridize). A gene that encodes the
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involved in the elongation of the fatty acid chain, the
condensation, the first of the four reactions, is believed to
be substrate-specific.

The A6 desaturase derived from Mortierella alpina is
a protein with the amino acid sequence of SEQ ID NO: 1,
and it is known to catalyze the reaction of introducing an
unsaturated bond at the A6 position of aliphatic
monocarboxylic acids. It should be noted here that the A6
desaturase used in the present invention is not limited to
that set forth in SEQ ID NO: 1 as long as it can catalyze
the reaction of introducing an unsaturated bond at the A6
position of aliphatic monocarboxylic acids. Specifically,
the invention can use a protein of an amino acid sequence
that has been modified by substitution, deletion,
insertion, and/or addition of one or more amino acids of
the amino acid sequence of SEQ ID NO: 1, so long as the
protein has the foregoing catalytic action. Note that, the

number of amino acids that are deleted, substituted,



the fatty-acid-chain elongase is derived from Mortierella alpina, the
enzyme may be encoded by a gene that encodes this particular type of
fatty-acid-chain elongase. A specific example of the fatty-acid-chain
elongase gene is a polynucleotide having the base sequence of SEQ ID
NO: 4 as an open reading frame (ORF). Note that, as used herein, the
open reading frame is the region frer@%he start codon to the end codon,
excluding the end codon. The fatty-acid-chain elongase gene is not limited

to the foregoing example, and may be a gene homologous to the base
LBREEHES of @@5?@&0: 1dgecifidally, thelgerR? Hidg WibFidize bHadfed-

ringent conditions with a,gen vingha base sequence complementary
% Vecf, 9019 exahlfSl% 9 h[% dab%)}g?i%} :,4pr%§erﬁ§)l/3?y 1

he base sequence of a gene idenfifie , an
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chain of aliphatic monocarboxylic acids. A gene that encodes the A5
flasatveasep(redy bebigferred to &s A tlesatuksisbsgena] defeinafien 1arly
not particularly limited. For example, when the A5 desaturase is derived
Posimoridielld albinad therehgme fialsba 33- snduldd bictgedetsaed,
encodes this particular type of A5 desaturase. A specific example of the
B radd $bneT i@4 965 nucleotide having the base sequence of

gfsgtﬁgs'}'g L7833 r?tf’.esnxt{%%‘?{l thtrlaf%e ((o)rR@dE\lljcq(efrlllﬂyd tthgé?%o acid
gene’is not’limited” to the forégoing example, and may be a
?h%eri? hgmologpre & the PassyserienseyehEQulR NPe frRReqicaliing
base sequence, using methods known in the art. In order
to introduce mutation in the base sequence, the Kunkel
method, Gapped duplex method, or other similar known
methods can be wused. For example, mutation is
introduced using a mutation introducing kit (for example,
Mutant-K, Mutant-G, both of TAKARA) employing the
site-directed mutagenesis inducing method, or the LA PCR
in vitro Mutagenesis series kit (TAKARA).

The fatty-acid-chain elongase derived from
Mortierella alpina is a protein with the amino acid
sequence of SEQ ID NO: 3, and it is known to catalyze the
reaction of elongating the fatty acid chain of aliphatic
monocarboxylic acids. It should be noted here that the
fatty-acid-chain elongase used in the present invention is
not limited to that set forth in SEQ ID NO: 3, as long as it
can catalyze the reaction of elongating the fatty acid

chain of aliphatic monocarboxylic acids. Specifically, the



gene may hybridize under stringent conditions with a gene having a base
sequence complementary to the base sequence of a gene identified by
SEQ ID NO: 6, and may encode a protein that catalyzes the reaction of
introducing an unsaturated bond at the A5 position of aliphatic
monocarboxylic acids. The method of obtaining the genes is not
particularly limited. For example, the 3@nres may be isolated from animals,
microorganisms, or plants, using conventional methods. For example, a
primer Eé_air may be used that is prepared.based on base sequences of

kROHR BRRYnFRD TS GerfesRE HEh 1 0BRInRIHT CarAfing o PEFCE
ith the primer pair, Ysing, cONA oryge Og“c 2h socfitpd%“g&%as a femplaje.
i ically ’
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ernatlveefy, the genes may be "chemically synthesized by a convéentiona
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acid-containing soybeans according to the present invention -34- A

proeluging oo cesikdofsarg cradonic afiGantdinny enyl3ass absarglingtahe
the present invention is not particularly limited as long as it includes the
sep tefi prodeing ardehivpaicgcidahabitdguaiatiinto plants the fatty

acid synthetase genes described._in section [1-1]. For example, a

producihf procesd oF platte aecstairty feind ProsMr it nihpina is
T A T AL R s S
aldeAst is known to catalyze the reaction of introducing an
unsaturated bond at the AS position of aliphatic
monocarboxylic acids. It should be noted here that the A5
desaturase used in the present invention is not limited to
that set forth in SEQ ID NO: 5 as long as it can catalyze
the reaction of introducing an unsaturated bond at the AS
position of aliphatic monocarboxylic acids. Specifically,
the invention can use a protein of an amino acid sequence
that has been modified by substitution, deletion,
insertion, and/or addition of one or more amino acids of
the amino acid sequence of SEQ ID NO: 5, so long as the
protein has the foregoing catalytic action.

As will be described later, a producing process of
plants according to the present invention can suitably
use genes encoding the A6 desaturase, fatty-acid-chain
elongase, and A5 desaturase, using known gene
recombinant techniques. A gene that encodes the A6

desaturase (may be referred to as “A6 desaturase gene”



the transforming step. The following describes these steps more
specifically. [1-2-1] Recombinant expression vector constructing step A
recombinant expression vector constructing step of the present invention
is not particularly limited as long as it constructs a recombinant
expression vector that includes a promoter (sequence) and genes
encoding the fatty acid synthetases déseribed in section [ 1-1 ] above. As
the carrier of the recombinant expression vector, various types of
gonve,ntional vectors, for examplegasgtifh as a plasmid, a phage,ﬁnd a

P o8 used The VebisHTabiedietre d 8 6r5HE Bl the KSR
| Il ori i hod ifi | f .
efR %Bet%ﬁ%%;%‘e% %“C ng Mt %’Vgélecjfr%%c M%er%?é'}%ﬁfagéi}geh@&?t‘%he

inclu 55, pUC1 uescript, pBluescrip
\é@ﬁ?f"ﬁl‘éf the B! femily. Yebenethe AP E‘e@é’ﬁ@f ipEaqucing-d Meorthis
into plants employs Agrobacterium, binary vectors of the pBI family are
pretaiahld aSpegiic efanpleteafauchairanAvegiersifitclagda pBiCe of the
pBIN19, pBI101, pBI121, and pBI221. The promoter is not particularly
irhitediesibngasdt gam expres? tirogenasolteplbids, dnakioginthe base
promoters can be suitably used. Specifically, the promoter may be, for
BRSNS SEcaiifl Fe?mbBaid s 35 5romBieP REAMYSESE) 2R athm™ e
g@ﬁ'ﬁg}er, a nopaline synthetase promoter, a tobacco PR1a gene

romoteér, or a tomato ribulose- 1,5-diphosphate carboxylase/oxygenase

small Evidently, the A6 desaturase gene is not limited to
the foregoing example, and may be a gene homologous to
the base sequence of SEQ ID NO: 2. Specifically, the gene
may hybridizes under stringent conditions with a gene
having a base sequence complementary to the base
sequence of a gene identified by SEQ ID NO: 2, and may
encode a protein that catalyzes the reaction of
introducing an unsaturated bond at the A6 position of
aliphatic monocarboxylic acids. As used herein, “under
stringent conditions” means that hybridization takes
place only when there is at least 90% identity, preferably
at least 95% identity, and more preferably at least 97%
identity.

Hybridization may be carried out by a conventional
method, as described in J. Sambrook et al. Molecular
Cloning, A Laboratory Manual, 2nd Ed., Cold Spring
Harbor Laboratory (1989), for example. Generally, the

level of stringency increases with increase in temperature



subunit promoter. Among these promoters, the cauliflower mosaic virus
35S promoter and the actin promoter are preferable. Further, as a
functional promoter in soybeans, a promoter for the storage protein
conglycinin of soybean seeds can be suitably used. Further, the promoter
may be a constitutive promoter, or a tissue-specific promoter. With the
use of these promoters, the recombidant expression vector can express
a desired gene at high level when introduced into a plant cell. Among the

foregoing promoters, seed-specific promoters are preferable. Specifically
R RDIAErdbREHRR SFenlds &%Hdiﬁ@fh%efatw%aagyr{magesd?g@&e%dfo

\Hitl% }E\&il%i% ynthesis of arachidonic acid be ligated downstream of the
sééd-speci ic promoter. More -36- specifically, the A6 desaturase, the

fatty-acid-chait elgngase sl degaturasetay b ligaad downsigane
of their respective promoters. As a soybean seed-specific promoter, a
¢anglycibin prefeetes dnagobeagsett fart exaoiglec Al kd cageiibed gatere”
in Examples. In this way, enzymes associated with the biosynthesis of
hrachidonit ecidisan ot pgressaedardh eficidayl anarsebiyimnnéesby hen

realizing stable production of arachidonic acid. The recombinant
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%rpmoter ist}s,lo ligated. therein as to express thed%ec{\e%%ncgdingqetrr{% fa{tﬁa ¢
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aci%”%ffhthe aSes destribed in section [ 1-efj]ca9r)ov
encodes this particular type of fatty-acid-chain elongase.
A specific example of the fatty-acid-chain elongase gene is
a polynucleotide having the base sequence of SEQ ID NO:
4 as an open reading frame (ORF). Note that, as used
herein, the open reading frame is the region from the
start codon to the end codon, excluding the end codon.
The fatty-acid-chain elongase gene is not limited to
the foregoing example, and may be a gene homologous to
the base sequence of SEQ ID NO: 4. Specifically, the gene
may hybridize under stringent conditions with a gene
having a base sequence complementary to the base
sequence of a gene identified by SEQ ID NO: 4, and may
encode a protein that catalyzes the reaction of elongating
the fatty acid chain of aliphatic monocarboxylic acids.
A gene that encodes the AS desaturase (may be
referred to as “AS5 desaturase gene” hereinafter) is not
particularly limited. For example, when the A5 desaturase

is derived from Mortierella alpina, the enzyme may be



In the event where the fatty acid synthetases expressed in a host plant
are A6 desaturase, fatty-acid-chain elongase, and A5 desaturase, the
plant may be transformed using a recombinant expression vector that
has incorporated all of these three enzyme genes for their expression.
Alternatively, the A6 desaturase, fatty-acid-chain elongase, and A5
desaturase may be respectively ine@forated in different vectors, and
may be separately expressed in the host plant cell after they are

introduced into the host plant together, However, the use of the
Fe‘&S&%ﬁ]‘éngXxﬁre%%Bﬁ\@EP&rﬁﬁFﬂéise?né ArRE R EetNiRGs 8f A5
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expression vect as incorpor e esaturase,
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the genes encoding these enzymes are so ligated as to be transcribed all
N Oe 6ame dirieotipen HayeaVan ghie gemes(@RY pe so ligated as to be
transcribed in opposite directions as long as they are expressed in the
host plant. In &ddidemid thetprordcieflgnd therfagy sd eyitherisdimited
genes, the recombinant expression vector may, further include other DNA
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improving tran ency. Fu e recombinarit éxpressio
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gene having a base sequence complementary to the base
sequence of a gene identified by SEQ ID NO: 6, and may
encode a protein that catalyzes the reaction of
introducing an unsaturated bond at the AS position of
aliphatic monocarboxylic acids.

The method of obtaining the genes is not
particularly limited. For example, the genes may be
isolated from animals, microorganisms, or plants, using
conventional methods. For example, a primer pair may be
used that is prepared based on base sequences of known
enzymes. The genes can then be obtained by carrying out
PCR with the primer pair, using cDNA or genomic DNA of
plants as a template. Alternatively, the genes may be
chemically synthesized by a conventional method.

[1-2] Exemplary producing process of arachidonic
acid-containing soybeans according to the present

invention



intake can be improved when Agrobacterium is used to introduce the
recombinant expression vector into the plant. The terminator is not
particularly limited as long as it serves as a terminal site of transcription,
and known terminators may be used. Preferable examples include: a
transcription terminal site of the nopaline synthetase gene (Nos
terminator); a transcription terminal-sié ef the cauliflower mosaic virus
35S (CaMV35S terminator), and a transcription terminal site of the
mannopine synthetase -38- gene (Mas terminaé&r). Among. these

examples RHR NOS  RemER&sTMAS t8rAinG fitHoré plckeraiid AR 8
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unriecessarily fong transcripts can be prevented in the recombinan
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om reducing the number of plasmid copies. As the selection marker, a
rogdesisiagt geae hialo hecused dob gxanmale dspeieific exampéanciudace
genes resistant to hygromycin, bleomycin, kanamycin, gentamicin, and
caldranashehispn Wikitiveeuge ofaRede sgaribs plantssgroiing ihlmédiaFor
containing these antjbiotics can be screened, allowing for easy selection
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vector constructing step, a transforming step, and a
screening step. The present invention requires at least
the transforming step. The following describes these steps
more specifically.

[1-2-1] Recombinant expression vector constructing
step

A recombinant expression vector constructing step
of the present invention is not particularly limited as long
as it constructs a recombinant expression vector that
includes a promoter (sequence) and genes encoding the
fatty acid synthetases described in section [1-1] above.

As the carrier of the recombinant expression vector,
various types of conventional vectors, for example, such
as a plasmid, a phage, and a cosmid can be used. The
vector is suitably selected according to the type of plant
cell or introducing method used. Specific examples of the

vector include pBR322, pBR325, pUC19, pBluescript,

pBluescript SK, and vectors of the pBI family. When the



in the non-translation region (5' UTR) of the promoter, the translation
efficiency of the chimera gene can be improved. In this manner, the
recombinant expression vector may incorporate various types of DNA
segments depending on its intended use. The method of constructing the
recombinant expression vector is not particularly limited either. In one
example, the promoter, genes encoediiy the fatty acid -39- synthetases,
and optionally other DNA segments are incorporated in a predetermined
order, intg a suitably selected carrier vector. Specifically, three genes

Bidely UncoHiNg e A desdturdSe: Falty-d8d%hdi 286figaSE RAGY S
A% ! hetin such bl
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ir expression, and these acid synthetase genes are liga the
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construct an expression cassette, which is then introduced into a vector.
Notd thibe, pBhentipBidiNaoaye, Biié Ghireepdd@he dreanatinpdek3arily
required to be placed in the same vector. For example, the three genes
may bel placedandiferensvaqdry an thewknstyudiion b thefatdyp agoas it
synthetases and the expression cassette, the order of the DNA segments
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®Pinalemple, a cauliflower mosaic virus 35S promoter
(CaMV35S), an actin promoter, a nopaline synthetase
promoter, a tobacco PRla gene promoter, or a tomato
ribulose-1,5-diphosphate carboxylase/oxygenase small
subunit promoter. Among these promoters, the
cauliflower mosaic virus 35S promoter and the actin
promoter are preferable. Further, as a functional
promoter in soybeans, a promoter for the storage protein
conglycinin of soybean seeds can be suitably wused.
Further, the promoter may be a constitutive promoter, or
a tissue-specific promoter. With the use of these
promoters, the recombinant expression vector can express
a desired gene at high level when introduced into a plant
cell. Among the foregoing promoters, seed-specific
promoters are preferable. Specifically, it is preferable that
genes encoding the fatty acid synthetases associated with
the biosynthesis of arachidonic acid be ligated

downstream of the seed-specific promoter. More



is placed downstream of the promoter and the fatty acid synthetases. The
type of reagent, for example, such as a restriction enzyme or ligase, used
for the construction of the recombinant expression vector is not

particularly limited. Any commercially available reagent may be suitable
selected. -40- The method of proliferating (producing) the recombinant
expression vector is not particularly-lidgited either, and any conventional
method can be used. Generally, Escherichia coli is selected as a host. In
this cagse, the type of E. cali may be suitably selected according to th%ain
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escr in sec above is'in into-a plant cell to
Bioduss the Eallyadihsyntheiases descriveddn se¢tiosa i-UahovepTheric
method of introducing the recombinant expression vector into a plant cell
isroiperteylarly liovted] aotrcanveptionalonethoda agn beesuitablydisetbr
according to the type of plant cell. Specifically, a method using
AgroEeienuas owalindusodlinsemidhatle ledeombmabe@dression Vactbhis
is directly introduced into a plant cell may be used, for example. As a
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\éar%%ci{](gi}tlrlactiogcid can be expressed both efficiently and
stably, thereby realizing stable production of arachidonic
acid.

The recombinant expression vector is not limited to
a specific structure as long as a promoter is so ligated
therein as to express the genes encoding the fatty acid
synthetases described in section [1-1] above.

In the event where the fatty acid synthetases
expressed in a host plant are A6 desaturase,
fatty-acid-chain elongase, and A5 desaturase, the plant
may be transformed wusing a recombinant expression
vector that has incorporated all of these three enzyme
genes for their expression. Alternatively, the A6
desaturase, fatty-acid-chain elongase, and A5 desaturase
may be respectively incorporated in different vectors, and
may be separately expressed in the host plant cell after
they are introduced into the host plant together. However,
the use of the recombinant expression vector that has

incorporated the three kinds of enzyme genes is more



(http://www.bch.msu.edu/pamgreen/protocol.htm) may be used, for
example. The method of directly introducing the recombinant expression
vector into a plant cell may be, for example, a -41- microinjection method,
an electroporation method, a polyethylene glycol method, a particle gun
method, a protoplast cell fusion method, or a calcium phosphate method.
Examples of host plant cells of the re8@mbinant expression vector include
cells of various tissues of flowers, leaves, roots, or other plant organs.
Other examples include callus, and cells in a suspension culture. In a

PO g proce¥d 6hlahitd Becdtdifig B T  BRRENCRPEEH dfe VECtor
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pe o pllant be pro ernatively, the rétombiran

eXBEessier  vagier May 5 X m%{wyéocg%&yggtpri Eh%c%‘rg?e norkiced a t
into a plant cell. In sum, a producing process of plants according to the
presege ingentercimdyog nay swtéickyda e racorsbindgieexiessiono be
vector constructing step described in section [1-2-1] above. In the case
irensthe hest pdhtincidessamis désanirbee; ithkoprefecable that genes
expression of this, enzyme be suppressed. As shown in Fig. 1, the A15

Hesdturie HAveHERIE fhoRk abRi, REdULERTS tHd Psffibeidhs, B OSite
%_%irneoé%ri]gnasdg'sltligﬁhgeraegorﬁq%r}effeatrlagleexpressed in the host plant.

In addition to the promoter and the fatty acid
synthetase genes, the recombinant expression vector may
further include other DNA segments. Non-limiting
examples of such DNA segments include a terminator, a
selection marker, an enhancer, and a base sequence for
improving translation efficiency. Further, the
recombinant expression vector may also include a T-DNA
region. With the T-DNA region, the efficiency of gene
intake can be improved when Agrobacterium is used to
introduce the recombinant expression vector into the
plant.

The terminator is not particularly limited as long as
it serves as a terminal site of transcription, and known
terminators may be used. Preferable examples include: a
transcription terminal site of the nopaline synthetase
gene (Nos terminator); a transcription terminal site of the

cauliflower mosaic virus 35S (CaMV35S terminator), and

a transcription terminal site of the mannopine synthetase



to suppress the expression of the A15 desaturase, in order to convert all
of the linoleic acid, produced in the -42- soybeans, into y-linolenic acid,
which is the precursor of arachidonic acid. The method of suppressing
the expression of A15 desaturase is not particularly limited, and
conventional genetic engineering techniques may be used, including the
anti-sense method, the sense method8(eosuppression method), and the
RNAI method in which double-stranded RNA is transcribed. Among these
methods, the RNAi method is preferable, as will be described later in

ELRHipIEY it HERRATAEhoft THRDExprBESiGn 6FATRISE Seshitfadlos
aRe suppessed ol  2asly Andgeiably, That 5. dyis rgferable that
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the "arachidonic acid producing s?ep of the invention includ e

expresmr{ﬁup@ﬁ@smge&}tﬁﬁﬁ%stl&preﬁ@géﬁe Al dﬁ%ﬁtu@ﬁ%ropriate
expression in a host. It is also preferable that the expression suppressing
siep itsenthe RV axthod fouspprassdhe it Sldesatuiasa expipssiosan
[1-2-3] Other steps and methods A producing process of plants according
foahepprssentipdention indledes esomahsfoanihg SEpransiaaditvaalpr -
the recombinant expression vector constructing step. In addition to these
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As the selection marker, a drug resistant gene may
be used, for example. Specific examples include genes
resistant to hygromycin, bleomycin, kanamycin,
gentamicin, and chloramphenicol. With the use of these
genes, plants growing in media containing these
antibiotics can be screened, allowing for easy selection of
transformed plants.

One example of the base sequence for improving
translation efficiency is an omega sequence derived from
the tobacco mosaic virus. By placing the omega sequence
in the non-translation region (5’ UTR) of the promoter,
the translation efficiency of the chimera gene can be
improved. In this manner, the recombinant expression
vector may incorporate various types of DNA segments
depending on its intended use.

The method of constructing the recombinant

expression vector is not particularly limited either. In one

example, the promoter, genes encoding the fatty acid



-43- For example, screening may be based on drug resistance such as
hygromycin resistance. Alternatively, screening may be made based on
the arachidonic acid content in the transformed plants themselves, or in
particular organs or tissues of the transformed plants. Further, screening
may be made by visually confirming fluorescent proteins, such as GFP,
that were introduced when transform@fig-the plants. A producing process
of plants according to the present invention introduces the fatty acid

synthetase genes in plants. Thus, once arachidonic acid-containin
ﬁ%ﬂtﬁ%%%ﬁéinediwitraﬂa&ﬂﬁﬁgﬂ{ thQiﬁ?JﬁEpriPd\%%n ?Sédﬁfﬁ’gs are
repraduced either sexually or asexually.(e.q,, usi alluses). The plant
e L el T A e, STER SN R BBy
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produce the plants from these sources. As such, a producing process of

plestscatdokdling do theditegenh éve6tide sy atec ncliidety repratiuchngin
(mass-producing) step of reproducing selected plants. Note that, as used
réeaig alve tefrn thlattsd Aeatitaleasasheldg e tdllbwving endtest hrowin
plant individuals, plant cells, plant tissues, callus, and seeds. Further, the

iGHtioR dRETHEEe DifEPRG BRe PRRK r&BAGST By R d these
feRrestuggsten, ThAL s e pIStent YRRt IER 2! (TG e
(and optionally to a terminator or other DNA segments) so
as to construct an expression cassette, which is then
introduced into a vector. Note that, as mentioned above,
the three genes are not necessarily required to be placed
in the same vector. For example, the three genes may be
placed in different vectors.

In the construction of the fatty acid synthetases and
the expression cassette, the order of the DNA segments
can be specified by providing complementary cohesive
ends for the DNA segments and by carrying out the
reaction of these DNA segments with a ligase. When the
expression cassette includes a terminator, the terminator
is placed downstream of the promoter and the fatty acid
synthetases. The type of reagent, for example, such as a
restriction enzyme or ligase, used for the construction of
the recombinant expression vector is not particularly
limited. Any commercially available reagent may be

suitable selected.



individuals. Further, as used herein, the term "plant cells" means various
types of plant cells, including cells in a suspension culture, propoplasts,
and slices of leaves, for example. The plants can be obtained by
proliferating and differentiating these plant cells. Note that, the plant cells
can regenerate plants according to conventional methods, depending on
the type of plant cell used. As such, 4(roducing process of plants
according to the present invention may include a regenerating step of
regenerating plants from plant_cells. Further, a producing process of

plants dce6rding ot BR9presht inP&RtoHEHIN st litEadsiHd8)  the
f ign usi ' ' b be,carried
frans %ﬁ‘ﬁ%%%s'&p %escé’m?{”%%tﬁwefss"%{‘oc‘jies‘iy%r%fﬁt é‘&i‘é%gfgéﬁ{ﬁ'&d

out in different ways. For example, the fatty aci etases m

diregidyad rﬁ'ﬂ'éterﬁ(ﬂﬁ?) Ry, &9t AP lentle fally acid synthetasgsed.
may be administered to a young plant so that required portions of the
pani epalain arasbidenic Acitl whén ikey ate cised. dheaadmiistralionthis
method of the fatty acid synthetases is not particularly limited either, and
vaicus ddrventional methols carrhe usedy[2]¢achidbtadly selected
acid-containing plants and soybeans according to the present invention,

Qﬁﬁaggfm}%gs?ameu%}?ﬁe%f’%t% &5fducing process of
%rsgggm?J%ﬁft@9§é€|%§g L%tgse%gg rﬁs_:‘(;ybeans according to the present
In the transforming step wused in the present
invention, the recombinant expression vector described in
section [1-2-1] above is introduced into a plant cell to
produce the fatty acid synthetases described in section
[1-1] above.

The method of introducing the recombinant
expression vector into a plant cell is not particularly
limited, and conventional methods can be suitably used
according to the type of plant cell. Specifically, a method
using Agrobacterium, or a method in which the
recombinant expression vector is directly introduced into
a plant cell may be used, for example. As a method using
Agrobacterium, Transformation of Arabidopsis thaliana by
vacuum infiltration
(http:/ /www.bch.msu.edu/pamgreen/protocol.htm) may
be used, for example.

The method of directly introducing the recombinant

expression vector into a plant cell may be, for example, a



associated with the biosynthesis of arachidonic acid is introduced into
plants or soybean. The fatty acid synthetase genes associated with the
synthesis system of arachidonic acid are expressed in the soybeans, and
arachidonic acid is produced in the biosynthetic pathway that is not found
in higher plants in nature. Thus, the plants so produced contain
arachidonic acid. The present inventidn-therefore provides arachidonic
acid-containing plants and soybeans produced by the producing process
of plants as described abqve. [2-1] Usefulness of the present inventio

WhGiE REIRERASh prBGIER Grachiionf G P BEATE O e i3 At the
e e T ern Proct o la eSS Y
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e directly eted as agricu ucts or products.
%%rf@fi"i’ﬁlé/t agachidepigiagid 'H?é’t@ﬁ)&%”@‘%tegfr@@l@%@?”ﬁﬁ@s ate
he present invention therefore provides arachidonic acid obtained from

ptests qatoduced by the producing process of the present invention. The
method of extracting arachidonic acid from oil or fat source plants
containiFrgaraphionie faclds hotlen partiellarlydimitde angcombinant
conventional extraction and purification methods can be used. For

EXRABIRS QBChERAIO Bcid RS sepithied Shd pafifiel rorbisP #Rs  ©f
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examples include callus, and cells in a suspension
culture.

In a producing process of plants according to the
present invention, the recombinant expression vector may
be suitably constructed according to the type of plant to
be produced. Alternatively, the recombinant expression
vector may be a multi-purpose vector that can be
introduced into a plant cell. In sum, a producing process
of plants according to the present invention may or may
not include the recombinant expression vector
constructing step described in section [1-2-1] above.

In the case where the host plant includes a A1lS5
desaturase, it is preferable that the expression of this
enzyme be suppressed. As shown in Fig. 1, the A1lS5
desaturase converts the linoleic acid, produced in the
soybeans, into a-linolenic acid. It is therefore preferable
to suppress the expression of the A15 desaturase, in

order to convert all of the linoleic acid, produced in the



Further, as will be described later in Examples, it was confirmed by
experiments that the modified trait of transformed soybeans according to
the present invention is passed onto the next generation. This means that
soybeans containing arachidonic acid can be mass produced by
cultivating transformed soybeans according to the present invention. The
present invention is therefore industd&lly highly useful. As described
above, arachidonic acid is known to exhibit various functions in the body

of animals. Further, the role of arachidgnic acid as a direct precursor of
afbiha?aﬁamé%gls\s-lfmaﬁﬂalseﬂﬁbﬁnaw. iebAshBe, RFSGHdGRE ©f
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compositions) food (health food, etc.), or medicines for improving senile
dendentianAs nseorhereime thet imeaniggro ée neynt éedmpepition” inagt be
particularly limited, and the "composition” may contain components -47-
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EPA may be contained other than arachidonic acid. Further, as used
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RanB®ds, the RNAi method is preferable, as will be
described later in Examples. With the RNAi method, the
expression of the A15 desaturase can be suppressed both
easily and reliably. That is, it is preferable that the
arachidonic acid producing step of the invention include
the expression suppressing step of suppressing the A1S5
desaturase expression in a host. It is also preferable that
the expression suppressing step uses the RNAi method to
suppress the A15 desaturase expression.

[1-2-3] Other steps and methods

A producing process of plants according to the
present invention includes the transforming step, and,
additionally, the recombinant expression vector
constructing step. In addition to these steps, the process
may include other steps. One specific example of such a
step is a screening step for screening for suitable

individuals from transformed plants.

The method of screening is not particularly limited.



encapsulated in a capsule that is soluble in the body, so as to provide
health food. [2-2] Use of the present invention The present invention is not
limited to a particular application or a particular method of use. For
example, the present invention may be used to provide a kit for
performing a producing process of plants according to the present
invention, namely, an arachidonic ac#Bcentaining plant preparation Kit.
Specifically, such an arachidonic acid-containing plant preparation kit
includes at leagst a recombipant expre%sion vector contajning genes for

BRI ity SEHE SPAMRIEEY aRE PAERbIP R sEr St BeafeAl fR ce

gH%%“CJe{‘Q t‘ieﬁrg%‘:&mb'é‘ ”P%ﬁ%ﬁ%s ignoectanipto e RIaNs celle reening
xamples of reagen s include enzymes and buffers that are
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arachidonic acid-containing plant preparation kit may optionally -48-
rtekidet expes fioent édbtrupients sucthasm sribre sgentifugahtubgaWitbahar
arachidonic acid-containing plant preparation kit according to the present
PUgativh, ® prédsting proekss beplansnterdirgto Mepresent urther,
invention can readily be performed, thereby producing arachidonic

SGHESRHRRIrG BANREHBYR B45iRYaNd StefAbY ARRILTY P etithrgs cent
%urs(g:{aéllt{,tl)lse,togfalré 'S as GFP, that were introduced when
transforming the plants.

A producing process of plants according to the
present invention introduces the fatty acid synthetase
genes in plants. Thus, once arachidonic acid-containing
plants are obtained by transformation, their offspring can
readily be reproduced either sexually or asexually (e.g.,
using calluses). The plants or their offspring may be used
to obtain seeds, fruits, stumps, callus, tubers, cuttings,
clumps, or other sources of reproduction, so as to mass
produce the plants from these sources. As such, a
producing process of plants according to the present
invention may also include a reproducing
(mass-producing) step of reproducing selected plants.

Note that, as used herein, the term “plants” mean at
least one of the following entities: grown plant individuals,
plant cells, plant tissues, callus, and seeds. Further, the

invention also includes offspring of the plants reproduced

by the reproducing step. That is, the present invention



modifications and alternative forms, a specific embodiment thereof will be
described below in more detail by way of Examples with reference to the
attached drawings. It should be understood, however, that it is not
intended to limit the invention to the particular forms disclosed, but on the
contrary, the invention is to cover all modifications, equivalents, and
alternatives falling within the scope d4he invention as defined in the
appended claims. [Examples] [I] Analysis of fatty acids Extraction and

analysis of lipids were carried out according to the publicly known
Mb‘ﬂfaaie@/aegﬁik@%ﬁm , " BebRISU-EEGHkuCARkeRRS™(MEH8d &rlant

Biochemical,Experiment) 9, Gakkai Shuppan Center -49- (1978); AkihirQ
DR RS ey ke R (VLSRG B oeniaall  Plant
EXPRIMEND24s Cakkah akuR §Qﬁe¥>(l\%@)%éﬂr§'£ of pH1 QRe Heaf OE A s

transformant tobacco cultivated in a containment greenhouse was cut off

ahthe basp Afiei bringuieighed the suidbat was avasheld vdth vhleranss,
cut into 5 mm square small pieces using a pair of scissors. About 1 g of
fio savafi piedes of heavekwds poaintdos seinesssdebsupaidofatating

capacity.. 35 ml of chloroform/ methanol (1:2) solution and 7.5 ml of glass
BT ERTEBL 16 bl phgn ) RERFaddedtihtS FhEScup C4Rdthée biebBS oplant
Ieaﬁes were subjected to rotatiop at, 10000 B for 10 @inutes h

erate p ding  to

ﬁgmcs)'ge%%gr (6 ?_n ants accor onvedhtional
methods, depending on the type of plant cell used. As
such, a producing process of plants according to the
present invention may include a regenerating step of
regenerating plants from plant cells.

Further, a producing process of plants according to
the present invention 1is mnot just Ilimited to the
transformation using a recombinant expression vector,
but may be carried out in different ways. For example, the
fatty acid synthetases may be directly administered to
plants. For example, the fatty acid synthetases may be
administered to a young plant so that required portions of
the plant contain arachidonic acid when they are used.
The administration method of the fatty acid synthetases
is not particularly limited either, and various
conventional methods can be used.

[2] Arachidonic acid-containing plants and soybeans

according to the present invention, and usefulness and

use thereof



MASTER CM-100, IUCHI SEISAKUSHO). The contents in the cup were
filtered with a filter paper, and the filter cake were repeatedly washed with
chloroform/ methanol (1:2) solution and filtered until 90 ml of filtrate was
obtained. 22.5 ml of the filtrate was separately injected into each glass
centrifuging tube of 50 ml capacity, and 7.5 ml of chloroform and 13.5 ml
of 1% KCI aqueous solution were adéed to the each centrifuging tube.
After being vigorously mixed for 10 minutes, the mixture was centrifuged

at 300Q rpm for 20 minutes. The solution was divided into two layers, and,
the lowk? layer250- oPH%f(WSllﬁﬁers, cRIPERH layeP was cofigGBadprb

%‘E%ﬁ@% {%Bigri‘é‘{gg?n”%?"%dt to,8,3 .res‘,"éit?BetH%es@ a8 6“%Hd1x8125tr8m)the

was wel vance, and Its solvent was remove

SHPLon by vsingiaspeedmac (BG40, SAYANTY H}%%%wétopge?ﬁes
was weighed and a volume of collected lipids was calculated from the
weightieftihe sorévirtophisbd ibwy miloé 086 bydmehlotédeidin acid is
methanol and 1ml of dichloromethane were added to about 4 mg of lipid
imteostisedop e Afilekahd screw-tops fibeas. covéred vigh tylid, alséd
solution in it was heated at 50C for 3 hours to, convert the lipid into fatty
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BexARild¥elidakid is produced in the biosynthetic pathway
that is not found in higher plants in nature. Thus, the
plants so produced contain arachidonic acid. The present
invention therefore provides arachidonic acid-containing
plants and soybeans produced by the producing process
of plants as described above.

[2-1] Usefulness of the present invention

While the invention produces arachidonic acid in
plants, usefulness of the invention is not limited. For
example, plants containing arachidonic acid may be
directly marketed as agricultural products or food
products. Alternatively, arachidonic acid may Dbe
extracted from the plants for use. The present invention
therefore provides arachidonic acid obtained from plants
produced by the producing process of the present
invention.

The method of extracting arachidonic acid from oil

or fat source plants containing arachidonic acid is not



collected into another tube and evaporated until hexane was removed,
using a speedvac. After this operation was repeated twice, fatty acid
methyl ester was collected. Fatty acid methyl ester was dissolved in 50 |

of acetonitrile and analyzed by gas chromatography (Hewlett Packard,
HP-6800). Table 1 shows the analysis condition. -51- [Table 1] Gas
chromatography analysis condition- @@lumn Supelco SP-2330, Fused
Silica Capillary Column, 30 m x 0.32 mm ID, 0.2 m Temperature Inj:

240C, Det: 250C, Oven: 180C for 3 min, 180C -> 220C (2C/min), Flow

Bt ol c, PrBLLGfE: 2600kPa, PRASEESH B 2ol Ech PBak #d

hromatogram was determined based op a retention time. of methyl
BRSO TS (el Padkarar b so73f T0Te,
aﬁﬁﬂﬁdmﬁdor%@&i%ﬁagf tB%r &Ei\é&&{tyg’&}ﬂsﬁ\{ﬁ?f@@&?rm@ﬁg oil
by the peak areas. [Il] Expression of Mortierella alpina-derived genes in
tdbaccoybrd] EXprassien of ldkd6 desaiyase getie dplasgideegierg the
pE2113 (Plant Cell Physiol. 37, p45 (1996)) was used which contained a

taafeivarmrdaio VingRd58 (E1235S) promoter where enhancer
sequences are repeated, and a nopaline synthase (nos) terminator.. The .

pE2113 Waskifdestdd withlEnaB), #RGEPR¢ later in Examples, it

was confirmed by experiments that the modified trait of
transformed soybeans according to the present invention
is passed onto the next generation. This means that
soybeans containing arachidonic acid can be mass
produced by cultivating transformed soybeans according
to the present invention. The present invention is
therefore industrially highly useful.

As described above, arachidonic acid is known to
exhibit various functions in the body of animals. Further,
the role of arachidonic acid as a direct precursor of
prostaglandins is also known to be important.
Furthermore, arachidonic acid has been shown to be
effective for senile dementia. This enables the arachidonic
acid-containing plants, and the arachidonic acid obtained
therefrom to be applied to compositions (for example, oil
or fat compositions) food (health food, etc.), or medicines
for improving senile dementia. As wused herein, the
meaning of the term “composition” is not particularly

limited, and the “composition” may contain components



insertion of an Xhol linker (TAKARA), to obtain a plasmid. -52- The
plasmid was digested and blunted with Sacl, and a BamHI linker
(TAKARA) was inserted to obtain pUE7. Of the DNA fragments obtained
from the digestion of pUE7 with Hindlll and EcoRlI, a fragment having a
E1235S promoter was ligated to a plant transforming binary vector
pBINPLUS (Transgenic research 4; p2B88, (1995)) digested with Hindlll
and EcoRl, so as to obtain pSPB505. Meanwhile, a plasmid PMLD 101

containing A6 desaturase gene derived from Mortierella was digested
fiR %oﬁ%@ﬁbﬁé@siﬂbamaﬂaig%%n Witt B%i‘rﬁ—m%i%l’ RO STy 2

BINA frggmant was, gollegigg, The DINA faomet, s lgaled [, anotgE

fragmerit of a binary vector Sbtained from gestion of p

XhalandiBantla S1aspte phiain PaBB33RdHRishlasmidethe AR “food”

desaturase gene derived from Mortierella was under the control of the
E1235%8 poaratenandiye nosieedinaier. Basgd as the keawn methodally
(Plant J. 5, 81, (1994)), pSPB559 was introduced into Agrobacterium, and
i esdedbitzan Agrabapteaiufe adstingvdbeedtintdwbason Bagedahlet,
the known method (Plant J. 5, 81, (1994)), RNA was extracted from
RavEddtifle re@bmifinat 23b4Ed0, and fifidh Gtk exgtBsseifhe0r  fat

MoIrItliergllall;Ecljgrived A6 gslatijrrlase gene g\helrgl g%IIeé:ted é)gilaorthreﬁn be
ﬁ;%rlé)lzaﬁlon. 53- Igeﬁt?/ Acids ithe fobacco Teaves were analyzedaﬁly the

ggthod dessribed in the saglion 1l abpye {Ehg 48WSIS in the body, so
as to provide health food.

[2-2] Use of the present invention

The present invention is not limited to a particular
application or a particular method of use. For example,
the present invention may be used to provide a kit for
performing a producing process of plants according to the
present invention, namely, an arachidonic acid-containing
plant preparation kit.

Specifically, such an arachidonic acid-containing
plant preparation kit includes at least a recombinant
expression vector containing genes for encoding the fatty
acid synthetases, and preferably a set of reagents for
introducing the recombinant expression vector into the
plant cell. Examples of such reagents include enzymes
and buffers that are selected according to the type of
transformation. As required, the arachidonic

acid-containing plant preparation kit may optionally



showed that 1.8% to 7.3% of y-linolenic acid, not contained in a host
tobacco, was present in the recombinant tobacco leaves. From this result,
it was found that the A6 desaturase gene derived from Mortierella can
function in plants. [11-2] Co-expression of A6 desaturase gene and
fatty-acid-chain elongase gene A vector pUCAP (Transgenic research 4,
p288, (1995)) was digested and blurt8d-with Ascl, and a Pacl linker was
inserted to obtain pUCAPP. By digesting pE2113 with SnaBl and

inserting a BamHI linker (TAKARA), pUE6 was obtained. This pUE6 was
Hg%@@%e anG BRATEIGITH Sad i SREHRGT fifkerTFARARAPwa insBHES ©
to_obtai 8, Of the DNA fragments obtained by the digestion of pUES8
\?vﬁ%l i#&ﬁ?gi]cﬂéc{:)gm, a fragment having E1235S promoter was inserted

into a RipgtH-EcoRhsite of RGeS n A-DNALGGERHRRIY Y thglant

digestion of this plasmid with BamHI and Sall was ligated to a DNA
magpantabtamned ity the digesiing oftchatrhelongase eeRNArwidrBaotdl a
and Xhol, so as to obtain pSPB1130. -54- The plasmid pSPB 1 130 was
tigestedivith PRER epdsa ESulbhyDNA fagoedibRabbut 2Bkb wassent
inserted into a Pacl site of pBIinPLUS. Plasmids that had the same
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the pBINELUS were selected o obfain pSPB1157P

idonic “aci ontaining " plan both easily and

reliably.

While the invention is susceptible to various
modifications and alternative forms, a specific
embodiment thereof will be described below in more detail
by way of Examples with reference to the attached
drawings. It should be understood, however, that it is not
intended to limit the invention to the particular forms
disclosed, but on the contrary, the invention is to cover
all modifications, equivalents, and alternatives falling
within the scope of the invention as defined in the
appended claims.

[Examples]

[I] Analysis of fatty acids

Extraction and analysis of lipids were carried out
according to the publicly known methods (Yasuhiko
FUJINO, “Seibutsu-Kagaku  Jikken-ho” (Method of

Biochemical Experiment) 9, Gakkai Shuppan Center



Further, pSPB599 was digested and blunted with Pacl, and an Ascl linker
was inserted to obtain pSPB599A. The pSPB599A was digested with
Ascl, and a DNA fragment containing the A6 desaturase gene, obtained
by the digestion of pSPB599A with Ascl, was inserted into an Ascl site of
pSPB 1 157P to obtain pSPB 1157. The binary plasmid pSPB 1 157 was
introduced into a tobacco in the marfHer-as described above to obtain a
transformant tobacco. As a result, in the tobacco leaves in which the
chain elongase gene and A6 desaturase gene were expressed, 0.1% to

6490 e tatdi iy Acids A4 [ednfirm et td BédmérAs Y fiolehik ke -ho”
On the other hand, dihomo-y-linolenic acid was not present in

ERAG oMl IRSPOBHCR! IdaFRE Frioh e rédult Grakkfoitawipan
the A6 fatty acid desaturase and the fatty-acid-chain elongase were
Eo2Bi5Bsddd B bedaths tunttiBnk iPhE tGifotedtobsips formant
ﬁretg)ared b}'/bgjingé-SS- he binar glasmid that had the Mortierella-derived ¢
BPR AckitéshithSSe Hand e A abib- SR ety aSe Yérk i
the.same vecto [%1-3]& -expression of A6 desaturgse gene

i) B0 RS T igacd 6 he, ARHTAS HsAiiate gHhe. AMbboGed SaS
DNA fragment.obtained by digestion. of pCGP1364 (Plant Cell Physigl. 36
103 oUW HhbllFAhct Scltiids ToHEh 8 B Abo 03 8 HoDRRES
fr mnoekétie y. di ing pGGP1364 with Pstl, blunting it,
(RAIETA B PRt POTRIGEA o PO s o
leaves was put into a stainless-steel cup of 50 ml capacity.
35 ml of chloroform/methanol (1:2) solution and 7.5 ml of
glass beads (diameter: 0.4 mm) were added into the cup,
and the pieces of leaves were subjected to rotation at
10000 rpm for 10 minutes by a homogenizer (CELL
MASTER CM-100, IUCHI SEISAKUSHO).

The contents in the cup were filtered with a filter
paper, and the filter cake were repeatedly washed with
chloroform/methanol (1:2) solution and filtered until 90
ml of filtrate was obtained. 22.5 ml of the filtrate was
separately injected into each glass centrifuging tube of 50
ml capacity, and 7.5 ml of chloroform and 13.5 ml of 1%
KCl aqueous solution were added to the each centrifuging
tube. After being vigorously mixed for 10 minutes, the

mixture was centrifuged at 3000 rpm for 20 minutes. The

solution was divided into two layers, and the lower layer



fragments were further ligated to an about 2.7 kb DNA fragment obtained
by digesting pUCAPA with Sacl, blunting it, and further digesting it with
Hindlll, so as to obtain pSPB184. A DNA fragment obtained by digesting
the pSPB 184 with Xbal and Kpnl was ligated to a DNA fragment

obtained by digesting a fragment of AS desaturase gene, subcloned into
pCR2, with Xbal and Kpnl, so as te &lftain pSPB1519A. The pSPB1519A
was digested with Ascl and inserted into an Ascl site of pSPB 1 157 to
obtain pSPB 1519. In the plasmid pSPB1519, the fragments of ptll, AS
8dsdbfastVGena XaER eréhé%@fg&f@, ARV &G de¥RErageldepdéssereThe
all transcribed in the same direction, and the AS -56- desaturase gene
ERR NS AGHRe IFHRT aWd A6 THESHSalB thede H/RFE HindePhEERRtréPofl 6
a constitutive promoter. In the same manney as, described above, a )
RS fG mARttoBAERS WaR GHtaifetusiig! BSSE 151024t hofidddls 1ts

which expressed the AS desaturase gene, chain ,elongase gene, and A6
SOLH s e S B8 HEd KA BABRLIO Bt ity WO e Peedvac

r rmant t leaves found no presencge of arachidonic acid. Th
Crerr T v et i e
desaturase gene,.chain elongase gene, and A6, desaturase but no .
S G SR RIS 40s SO0 AFRA HRSAD i weigh

gwfeﬁls?dgg%u&;a_s[?ﬂgipn%)ghain elongase gene, and A6 desaturase gene

Py itself is not su or the arachidonic acid production.

Two ml of 10% hydrochloric acid in methanol and
1ml of dichloromethane were added to about 4 mg of lipid
in the screw-top tube. After the screw-top tube was
covered with a lid, the solution in it was heated at 50°C
for 3 hours to convert the lipid into fatty acid methyl
ester. After the reaction, 1 ml of distilled water and 4 ml
of hexane were added thereto, and the mixture was
vigorously mixed for 5 minutes and centrifuged at 3000
rpm for 5 minutes. The upper layer, hexane layer, was
collected into another tube and evaporated until hexane
was removed, using a speedvac. After this operation was
repeated twice, fatty acid methyl ester was collected.
Fatty acid methyl ester was dissolved in 50 pl of
acetonitrile and analyzed by gas chromatography (Hewlett

Packard, HP-6800). Table 1 shows the analysis condition.



[11-4] Function confirmation of AS desaturase gene As described earlier,
the transformant tobacco leaves did not produce arachidonic acid,
although the AS desaturase gene was transcribed. Feasible reasons for
this result are (i) insufficient level of dihomo-y-linolenic acid that provides
a substrate for the AS desaturase and (ii) inactivity of the AS desaturase.
In view of this, the pSPB1519-transfdsined tobacco was analyzed to see if
it produces arachidonic acid with -57- externally supplied
dihomo-y-linolenic acid. The analysis was carried out according to the
method bROI¢ et hl. (3. Biol. Chem. 276, p31561 (2001)). That is, 1 g of
fresh tobacdd deafoha cobindg saphh pieces Lisiig amzdiblade and was
gently cultivated by shaking with 10 ml of 0.05% dihomo-y-linolenic acid
sodium aqueous solution at 24C for 4 hours in a Petri dish. After the

cultivation, the sample was washed with water three times, and the fatty
scibiyzvere analyzed,) Rspetes 3PS hEustslysikoastrpileriifeslamn,
transformants, it was|confirmed that the pSPB 1519-transformed tobacco
synthesized arachidgni® B WhemenliPatedwith dihomo-y-linolenic

acid, suggesting that the AS desaturase was functional in the tobacco
(B oHRtHEsult indicales thaPike BsEeRel 6F Sraehid S Catas Hrodaction
in the pSPB 1519-transformed tobacco was indeed due to an insufficient

level of dihomo-y-linol#iccitl 388 Brididé S ubstrate for the

Flow rate of | 30cm/sec, Pressure: 200kPa, Detector: FID

column

Each peak in chromatogram was determined based
on a retention time of methyl ester of standard fatty acids,
and GC-MASS (Hewlett Packard, HP-5973) analysis. The
proportions of the respective fatty acids were determined
by the peak areas.

[II] Expression of Mortierella alpina-derived genes in
tobacco

[II-1] Expression of A6 desaturase gene

A plasmid vector pE2113 (Plant Cell Physiol. 37, p45
(1996)) was used which contained a cauliflower mosaic
virus 35S (E1235S) promoter where enhancer sequences
are repeated, and a nopaline synthase (nos) terminator.
The pE2113 was digested with SnaBI, followed by

insertion of an Xhol linker (TAKARA), to obtain a plasmid.




AS desaturase. [lll] Transformation of soybean Soybeans (Glycine max)
were cultivated basically according to the method of Finer et al. (In vitro
Cell. Dev. Biol. Plant 35:451 (1999)), and a somatic embryo of -58-
Jack-bean immature cotyledon (3 mm to 5 mm) was induced in an
induction culture medium (30 g/1 sucrose, 40 mg/l 2,4-D, B5
vitamins-added MS culture medium, §8H-7.0). After the induced somatic
embryo was grown in a liquid growth culture medium (10 g/1 sucrose, 1
/1 asparagine, 5 mg/l 2,4-D, FNLite culture medium, pH 5.8), a gene
heinplsBettintaite fiarsteshniane chibky O e Hariecdunand a
metho Hé( old partlcle of 1.0 pm diameter and rapture disk of 1350 dpi).
égémyso e elfidatod aPABwR Edfture

medium for one Week selection was made for one month in three %ovvth

cunure%&iaecdm&(h g ABTEH tot ﬂ;‘}bﬁ%iﬁ&)%% 139 Mgh'bf HysRSmptat: of
pii'@ia Ko yc'gé.f?é%a% dh TR TaatnS
?3%?%?"&?&%3 AL o, B 5.8 1 TP EREAE I Ry
Sk e LB TR ﬁP"” R AR oS a2 95)
(aq]é)é)éQ%gyw1th HindIIl and EcoRI, so as to obtain pSPB505.
Meanwhile, a plasmid PMLD101 containing A6 desaturase
gene derived from Mortierella was digested with Xhol
followed by partial digestion with BamHI, and an about
1.6 kb DNA fragment was collected. The DNA fragment
was ligated to another DNA fragment of a binary vector
obtained from digestion of pSPB505 with Xhol and BamHI,
so as to obtain pSPB559. In this plasmid, the A6
desaturase gene derived from Mortierella was under the
control of the E1235S promoter and the nos terminator.
Based on the known method (Plant J. 5, 81, (1994)),
pSPB559 was introduced into Agrobacterium, and the
recombinant Agrobacterium was introduced into tobacco.
Based on the known method (Plant J. 5, 81, (1994)), RNA
was extracted from leaves of the recombinant tobacco,
and lines which expressed the Mortierella-derived A6

desaturase gene were selected by Northern hybridization.



differentiating into a distinct cotyledon and hypocotyl as -59- they
developed. The mature somatic embryo was dried and germinated in a
germination culture medium, and a complete plant was obtained. Note
that, the liquid shaking cultivation was carried out at 100 rpm using a
rotating shaker. [IV] Improvement of multigene expression vector The
majority of restriction enzyme recognit®n sites in the existing vectors are
6-base restriction enzyme recognition sites. When a plurality of

expression cassettes each of which is made up of a target gene
EGHhBIhedGHAS d Brotictet AR S S nlinaie? aravisssitanaly gethgly the
vector, there are cases where the restriction enzyme recognition site

EaRhbE TLeTUL ffthEpréBencetaor cobnifdPrdite intthe tagetlysis
gene. One passible soluotion for such(g problem is to use an 8-base

Biiich enAite recddhition sité: Adeor@hgly, A6 Mas frepdrednot
which contained four additional 8-base restriction enzyme recognition
Sitdstasnfederib®d b8io ﬁ%taﬁﬂ%%%f’an, VAP REGRG Mo 8Baséle

reco(%ni jon sites ax&digeste with AscI,Pand an ﬁﬂ linker wzir%winsterted.
ad

The ﬁgiﬁuﬂ]a\ﬁas futR&Y (ﬁSes &G With Pacl, AR Psef fiké was

FESTE SR ARSI PESTE Toin Bt bt et
AT PIARTYYS NGTerRrRA1eS: RHGYa Rbigined by

[[I-2] Co-expression of A6 desaturase gene and
fatty-acid-chain elongase gene

A vector pUCAP (Transgenic research 4, p288,
(1995)) was digested and blunted with Ascl, and a Pacl
linker was inserted to obtain pUCAPP. By digesting
pE2113 with SnaBlI and inserting a BamHI linker
(TAKARA), pUE6 was obtained. This pUE6 was digested
and blunted with Sacl, and a Sall linker (TAKARA) was
inserted to obtain pUES.

Of the DNA fragments obtained by the digestion of
pUE8 with HindIIl and EcoRI, a fragment having EI235S
promoter was inserted into a HindIII-EcoRI site of
pUCAPP. A DNA fragment obtained by the digestion of this
plasmid with BamHI and Sall was ligated to a DNA
fragment obtained by the digestion of chain elongase

cDNA with BamHI and Xhol, so as to obtain pSPB1130.



digesting pUC19 with Hindlll, followed by insertion of an Sgfl linker, and
further digesting it with EcoRl, followed by insertion of an Ascl linker;
pUCPF obtained by digesting pUC19 with Hindlll, followed by insertion of
a Pacl linker, and further digesting it with EcoRl, followed by insertion of
an Fsel linker; pUCSS obtained by digesting pUC19 with Hindlll, followed
by insertion of an Sgfl linker, and furfi#er digesting it with EcoRl, followed
by insertion of an Sgfl linker; and pUCFF obtained by digesting pUC19
with Hindlll, followed by insertion of an Fsel linker, and further digesting it
WmEmlsmnéwéngﬁAs]eﬁ%nW% ci@ainie [V thnsRacton angl a
plant expression vector of fatty acids synthetase genes In order to

provitd FhearRdhfioHie aBREBrbRICIAY VBLtof, élﬁ%anWé@régﬁSHR%thto
of fatty acids synthetase . genes was prepared by combinjng
BxpréssloridhEsette BEHHIRMY the AB A8EA s Fatty- hadcibe same

eIo ase . (GLELO),.and A5 desaturase, all derived from Mortierella, with
HRGATARLENE SPREoAISTolau R S RAMT dHlO B8RS E Slig? O

|th ase g[ ecific ro er F seed-s eC| romoter, a
f%%e%ﬁ’ﬁ RS B S bsior (B AF DR, G Qg
% 51 6)) was used. Specifically, the plant expreSS|on vector of
A y acids synthetase genes was constructed in the following manner.

First, aﬁg@q&){%lp,ln B@Eg%tg@@n%féesd ballggnged and blunted with
Pacl, and an Ascl linker was inserted to obtain pSPB599A.
The pSPB599A was digested with Ascl, and a DNA
fragment containing the A6 desaturase gene, obtained by
the digestion of pSPB599A with Ascl, was inserted into an
Ascl site of pSPB1157P to obtain pSPB1157.

The binary plasmid pSPB1157 was introduced into a
tobacco in the manner as described above to obtain a
transformant tobacco. As a result, in the tobacco leaves
in which the chain elongase gene and A6 desaturase gene
were expressed, 0.1% to 5% of the total fatty acids was
confirmed to be dihomo-y-linolenic acid. On the other
hand, dihomo-y-linolenic acid was not present in
non-transformed host tobacco leaves. From the result, it
was found that the A6 fatty acid desaturase and the
fatty-acid-chain elongase were co-expressed and became

functional in the transformed tobacco prepared by using



treated with restriction enzymes, and purified was inserted between

Hindlll and Xbal in the multiple cloning site of pUC19. Similarly, a
mannopine synthetase gene terminator amplified by PCR, treated with
restriction enzymes, and purified was inserted between Sacl and EcoRl

in the multiple cloning site of pUC19 (pSPB1904). In the PCR reaction, a
plasmid subcloning a target sequené®was used as a template. For the
conglycinin promoter used in PCR, primers HinCprof
(5'-AGTCAAGCTTAATTCAAACAAAAACG-3') (SEQ ID NO: 7) and
shschir aycAdrsendcAhapThetTtRAT A G are (kEdqpiKesl gho

were used. For the mannopine synthetase gene terminator, primers

&thasr@dctesridcreeagertccaréaiRec-BiigEsqingrain
9) and Ecomasr
é‘%&ﬁ?@ﬁ%ﬂéd@?eﬁmééﬁﬁﬁemmcec-w (SEQ ID NO:

10) were used. -62- All the PCR-amplified DNA fragments used for
Sbelote oo BRnGHRT CSAAK O blueNBly LS8 HeI5ho CEENe:

U e SR G R e
eecion ) 39S S0t BRI S be A
e e L
HindIIl and Sacll was ligated to an about 2.9 kb DNA
fragment obtained by digesting pCGP1364 with Pstl,
blunting it, and further digesting it with SacIl. These DNA
fragments were further ligated to an about 2.7 kb DNA
fragment obtained by digesting pUCAPA with Sacl,
blunting it, and further digesting it with HindIII, so as to
obtain pSPB184. A DNA fragment obtained by digesting
the pSPB184 with Xbal and Kpnl was ligated to a DNA
fragment obtained by digesting a fragment of AS
desaturase gene, subcloned into pCR2, with Xbal and
Kpnl, so as to obtain pSPB1519A.

The pSPB1519A was digested with Ascl and inserted
into an Ascl site of pSPB1157 to obtain pSPB1519. In the
plasmid pSPB1519, the fragments of ptll, AS desaturase

gene, chain elongase gene, and A6 desaturase gene were

all transcribed in the same direction, and the A5



pSPB 191 1, respectively. A AS desaturase cassette obtained by
digesting pSPB1909 with Hindlll and EcoRI was inserted into pUCSA.
Similarly, a chain elongase cassette obtained by digesting pSPB 191 1
with Hindlll and EcoRI was inserted into pUCPF. These plasmids are
referred to as pSPB1919 and pSPB1920, respectively. Further, a AS
desaturase cassette obtained by digaéting the pSPB 19 19 with Pacl and
Fsel, a fatty-acid-chain elongase cassette obtained by digesting the
pSPB1920 with Sgfl and Ascl, and a A6 desaturase cassette obtained by
dig& St e S SPBED 16 NAIR HA QM SAEE &5 e AT AcdrBoflesiirase
PUCSAPF to prepare a three-cassette plasmid pSPB1944. -63- Further,
8 PP TVEES S8 d67tdiRii LA BEEProrhdtef O FHEm PEQERt gene,
and a nos terminator was subcloned into the Hindlll site of pUCFF, and a

GFP cHsetldéont&Aiitfa 3§s\amaﬁsteraa%greeﬁ%5+9 nt PRASGR; @

d t t bcl t Sphl and I CSS
?Eaaé‘%%c’s VAT pSPEAGI8 M QRS E838 dolpueiNeRGin fer, A1

set exc ed.from the pSPB 19 as,ipsered into the Fsel S|te

PSS TR, 2l P SRR G ot o the R U e e
erted |nt the Sgfl site. As a result, pSPB 1852 was prepared. Further
fgﬁ suBcIonlng &%anle AT e (?es’aturasé gegé) (éccesgon ep ), ere

%ﬁ&;@; y rl"\ﬁg LTSI 85 PR ENASY PSR tff&f” ?PgYB%% rmant
tobacco leaves found no presence of arachidonic acid. The
analysis result, which shows the evidence of transcription
for the A5 desaturase gene, chain elongase gene, and A6
desaturase but no evidence of arachidonic acid synthesis,
indicates that the transcription of the A5 desaturase gene,
chain elongase gene, and A6 desaturase gene by itself is
not sufficient for the arachidonic acid production.

[II-4] Function confirmation of A5 desaturase gene

As described earlier, the transformant tobacco
leaves did not produce arachidonic acid, although the A5
desaturase gene was transcribed. Feasible reasons for
this result are (i) insufficient level of dihomo-y-linolenic
acid that provides a substrate for the A5 desaturase and
(ii) inactivity of the AS desaturase.

In view of this, the pSPB1519-transformed tobacco

was analyzed to see if it produces arachidonic acid with



specifically, the RT-PCR was carried out in the following manner. A
reverse transcription reaction was carried out with Oligo(dT) 12-18
primers, using a SuperScript First-Strand Synthesis System for RT-PCR
(Invitrogen). Using a resulting transcript as a template, a PCR reaction
was carried out using primers det15-2-F1
(5-ATGGTTAAAGACACAAAGCCTBIAGCC-3) (SEQ ID NO: 11) and
det15-2-R1 (5'-TCAGTCTCGTTGCGAGTGGAGG-3') -64- (SEQ ID NO:
12). The PCR reaction was carried out by maintaining the sample at 94C
foF tRbrAHItes tanR ldesh 1l BioRmgund nrebenda i 8tdeyddscategaelioyis
30 seconds, at 55C for 30 seconds, and at 72C for 30 seconds to 1

WSt &t Sthafy by aRSRTAiMg the sdhspr&t Pedldr ol mhirfilted IThe)
amplified DNA fragments were subcloned into a pCRII  vector usi

Do tohmdikit fARrofeh) Shl it Qqtncd Wad d’e?ern%ingd.ggo?fﬂf?h

subcloned A15_desaturase gene, a DNA fragment, starting from 5 bases
TV BT taft Chdh i A PAC ST BASWEE ik Bae5 Diade

BamHI and Xhol ti d.a DN/ t, starting.
AL g ceoati e ieen At OV a5
et e S TR RS

R GCH LTS CA L TROMCATACAMEFCTRIABU (86 on, the

sample was washed with water three times, and the fatty

acids were analyzed.

As a result, from the analysis using two lines of
transformants, it was confirmed that the
pSPB1519-transformed tobacco synthesized arachidonic
acid when cultivated with dihomo-y-linolenic acid,
suggesting that the A5 desaturase was functional in the
tobacco leaf. This result indicates that the absence of
arachidonic acid production in the pSPB1519-transformed
tobacco was indeed due to an insufficient level of
dihomo-y-linolenic acid that provides a substrate for the
AS desaturase.

[III] Transformation of soybean

Soybeans (Glycine max) were cultivated basically
according to the method of Finer et al. (In vitro Cell. Dev.

Biol. Plant 35:451 (1999)), and a somatic embryo of



ID NO: 13) and SOYR1-X
(5-GCACATCTCGAGGGATTGAAGTGAGAGCCTTC-3') (SEQ ID NO:

14) were used for the approximately 591 bp fragment. For the
approximately 791 bp fragment, primers SOYF2-S -65-
(5-GTCTGCGAGCTCTTAAAGACACAAAGCCTTTA-3) (SEQ ID NO: 15)
and SOUR2-X (5'-CATCATCTCGAGBGTGGTGACCATGGTGATGC-3")
(SEQ ID NO: 16) were used. These two types of DNA fragments were
inversely joined to each other with BamHI-Xhol-Sacl, so as to form a
HadfT Be@durd DARALBASIn &Pl FO B BAMHIDEC! Kpe BetW BN th&vas
gonglycinin promoter and the nos terminator to prepare an RNAI cassette

t BF6) DA 5 TRAAT iR ffal WakTExdREM ot the QsPB18YeERg e
was inserted into an Ascl site of pSPB 1852 to prepare pSPB 1877. The

GSPBRE77 cantild b&preyatadiinive 30 diddrasd it Bfirdmedium,

Sﬁ?i(@lly, a GLELO gene fragment, a A6 desaturase gene fragment,

2 AS desaturase fragment are introduced into the Sgfl-Ascl site,

Ascl-Pac] site, and Pacl-Fsel site, respectively, of a 2.7 kbp pUCSAPEF, so
HHEE 5 TB94 1o, MO BTEL 6 DD Paghon R Woiidhe =

astop
RS SR RS O IR 1
ta%rBg‘?éogri@gfe%e%%d/?yé'mq%,inFNLite culture medium, pH 5.8),
a gene was introduced into the induced somatic embryo
by the particle gun method (gold particle of 1.0 pm
diameter and rapture disk of 1350 dpi). After the
transgenic somatic embryo was cultivated in a growth
culture medium for one week, selection was made for one
month in three growth culture media containing 15 mg/I
of hygromycin, 30 mg/l of hygromycin, and 45 mg/l of
hygromycin, respectively, and the selected embryos were
transplanted to an aqueous differentiation and
maturation culture medium (30 g/l sucrose, 30 g/l
D-Glucitol, 298.4 mg/]l L-methionine, 4.38 g/1 L-glutamin,
FNLite culture medium, pH 5.8) for re-differentiation. In
the differentiation and maturation culture medium, the
embryos gradually grew (at this stage, still immature
embryos), and matured into mature embryos by

differentiating into a distinct cotyledon and hypocotyl as



Figure 2. The A6 desaturase gene fragment is a fragment -66- in which A6
desaturase cDNA is ligated between Con and mas. The A5 desaturase
gene fragment is a fragment in which A5 desaturase cDNA is ligated
between Con and mas. The pSPB 1944 was then treated with Sgfl and
Fsel, so as to introduce a GFP cassette containing a 35S promoter, a
green fluorescent protein, and a nos S8rminator into the Sgfl site, and a
HPT cassette containing a 35S promoter, a hygromycin-resistant gene,
and a nos terminator into the Fsel site. As a result, pSB1852 was
ﬁ%‘érééem@s}? afle AHB RNAAGEEEE S YRS fiSerfid Pt thevARS! si&isid
SPB1852 to prepare pSPB 1877. Figure 3 shows an overall view of
§‘BE) 1877 pripatsd! idRueh &5hamiR AQISHAIRY, thassE ey ierd

multigene expression vector in which the GFP cassette, GLELO, Al5

RRIGRES B tteP Ketesdtiftase 00 3bRSrasd °4fid HE P bassdite aldauid
gto one cher LVI] Analysis of tra sformaﬂonei?}(hex ression jn
i% éﬂ§A8 h‘ﬂ%ﬁk tHaf ﬁé’?/ iftofpétht peB 187718 @

helr |mmature and mature stages to analyze the intake
éaefé&sz Ftﬂe multiple genes, as described below in detail. -67-

Geno A and RNA were prepa ?(f"llusequ aeQNlegg%ﬁ)l%ntVMg][l Kit and
a RN rgﬁ&”\rlamt%m Vkit© & P

The majority of restriction enzyme recognition sites
in the existing vectors are 6-base restriction enzyme
recognition sites. When a plurality of expression cassettes
each of which is made up of a target gene combined with
a promoter and a terminator are inserted into a single
vector, there are cases where the restriction enzyme
recognition site cannot be used due to the presence of a
recognition site in the target gene. One possible solution
for such a problem is to use an 8-base restriction enzyme
recognition site. Accordingly, a vector was prepared which
contained four additional 8-base restriction enzyme
recognition sites, as described below in detail.

First of all, pUCAP having two 8-base recognition
sites was digested with Ascl, and an Sgfl linker was
inserted. The plasmid was further digested with Pacl, and

an Fsel linker was inserted to prepare a plasmid

pUCSAPF having four 8-base recognizing restriction



(Qiagen), respectively. A PCR reaction was carried out using 200 ng of
extracted DNA as a template. As the primers, the following primers were
used: det6f3 (5'-TGGTGGAAGGACAAGCACAA-3') (SEQ ID NO: 17);
det6r2 (5'-ACAGACCAGGGTGAACATCA-3') (SEQ ID NO: 18); det5f4
(5'-CTTTGGATCCTTGATCGCCT-3') (SEQ ID NO: 19);
det5r3(5'-AGAACATGACGGTGTGCEAA-3") (SEQ ID NO: 20); XbaGLf
(5'-CAGTTCTAGAGCCTTCTCACATTCCC-3') (SEQ ID NO: 21); SacGLr
(5'-AGTCGAGCTCTTACTGCAACTTCCTT-3) (SEQ ID NO: 22); HPTf1
BN AGCENAMGEFScEB s (sH NP DHupEpning, four
(5'-CGTCAACCAAGCTCTGATAG-3") (SEQ ID NO:_24); EGFP-F1

G DTG CPESTEARG CETEAGRIEBITSEQ 1P NESE); aktesrsir PY
(5-AATGAACATGTCGAGCAGGTA-3) (SEQ ID NO: 26). The PCR
SR Dee PEXT &) (TaKHra Bid ME] ad AH CahgymBYadt Wkttt of

R Ar i te AR oML by U85 DR 30 Labotes Bisstolip g
Bl e Raniie 477t b RGIE. 0 vkl e oty Py
IrASdesaynee b G e sl tan depssse AL T o
BT PO et A B e
by insertion of an Fsel linker; pUCSS obtained by
digesting pUC19 with HindlIII, followed by insertion of an
Sgfl linker, and further digesting it with EcoRI, followed
by insertion of an Sgfl linker; and pUCFF obtained by
digesting pUC19 with HindIII, followed by insertion of an
Fsel linker, and further digesting it with EcoRI, followed
by insertion of an Fsel linker.

[V] Construction of a plant expression vector of fatty
acids synthetase genes

In order to provide an arachidonic acid-producing
vector, a plant expression vector of fatty acids synthetase
genes was prepared by combining an expression cassette
containing the A6 desaturase, fatty-acid-chain elongase
(GLELO), and AS desaturase, all derived from Mortierella,

with an RNAi cassette of the A15 desaturase derived from

soybeans, along with a seed-specific promoter. For the



The RT-PCR was carried out with the transcript of the reverse

transcription as a template, using primers det6f3 (SEQ ID NO: 17) and
det6r2 (SEQ ID NO: 18), primers det5f4 and det5r3, and primers GLEf
5-GTGCTCGCTTATTTGGTCAC-3') (SEQ ID NO: 27) and GLEr
(5-CGACATCATGCAGAACTGTG-3') (SEQ ID NO: 28). PCR was carried
out in the same cycle as that for the @&nomic DNA, and gene expression
was analyzed. As a result of analysis, it was confirmed that the A6
desaturase, A5 desaturase, and fatty-acid-chain elongase were all
ELSEsSRERITAE pIPR TETEFanstorniey Re§Bbarko PNEIMGHRINanAYBiB &'
of transformed soybeans According to the method described in the
SSERBIPT SDEREI SRS UEFOErAtRee fRffflg & FatdSémbRS of 30
pSPB 1877-transformed soybean, and their fatty acids were analyzed b
b4 BB Y rasHy e B 154 lsc.%ldyspreleﬁomé&t. W&ﬁﬁﬁé&%&&ﬁ%r
s%o nin Table 2. [Table 2}}Control (%) pSPB 1877 (%% Iinoleicc?ci,d

B Ao S BICLA8 P8 6 BN RORAC Al DA FRCIed 0 the
gif‘l mo-y-linolenic acid 0 1.73 arachidonic acid 0 2.1 As shown in Table

o E%Wﬁ&ré%%%r(‘)f the pSPB 1877-transformed soybean
Symhe%%?gt){-“né)leglgnglycinin promoter amplified by PCR,

treated with restriction enzymes, and purified was
inserted between HindIIl and Xbal in the multiple cloning
site of pUC19. Similarly, a mannopine synthetase gene
terminator amplified by PCR, treated with restriction
enzymes, and purified was inserted between Sacl and
EcoRI in the multiple cloning site of pUC19 (pSPB1904).
In the PCR reaction, a plasmid subcloning a target
sequence was used as a template. For the conglycinin
promoter used in PCR, primers HinCprof
(S'-AGTCAAGCTTAATTCAAACAAAAACG-3') (SEQ ID NO: 7)
and XbaCpror (5'-CAGTTCTAGAAAATTCTTTAATACGG-3')
(SEQ ID NO: 8) were used. For the mannopine synthetase
gene terminator, primers Sacmasf
(5'-AGTCGAGCTCCAGCTTCCCTGAAACC-3") (SEQ ID NO:
9) and Ecomasr
(5'-CATCATCTCGAGGGTGGTGACCATGGTGATCGC-3')

(SEQ ID NO: 10) were used.



acid, dihomo-y-linolenic acid, and arachidonic acid, which are not
produced in the soybeans in nature. The proportions of these fatty acids
in a total fatty acids were 2.77%, 1.73%, and 2.10%, respectively. Note
that, y-linolenic acid, dihomo-y-linolenic acid, and arachidonic acid were
not contained in the lipids of the wild-type soybeans. The result proves
that a plant producing process accofalhg to the present invention can
produce arachidonic acid in soybeans. -70- [VIlI] According to the method
described in the section [I] above, lipids were extracted from one of the

seeds dflthe trsPBHGH -fanBOiiRd sdybbAn, sFigRedaty acluged  for

contained were analyzed by gas chromatography and a _mass
SPERELNEHBE THE BRapSiEREdifiths SIS irfTdbi D3 T usiersy wenfspse
pSPB1877 Seed (%) Seed (%) linoleic acid 57.86 51.19 a-linolenic acid
H15L89 y-lifflenic akitfo)2. a9 RiHomoRERTBRAR aciortieste D

arachjdonic acid 0 0.83 As shown in Table 3, the se f the pSPB
PP ARd Byb Lt A pinkidne DNAFrdgments at

94°C for two minutes, and then by performing a PCR
reaction in 25 cycles at 94°C for 15 seconds and at 68°C
for 1 to 3 minutes. After the PCR, each DNA fragment of
the A5 desaturase, A6 desaturase, and fatty-acid-chain
elongase was subcloned between Xbal and Sacl of
pSPB1904 to provide pSPB1909, pSPB1910, and
pSPB1911, respectively.

A A5 desaturase cassette obtained by digesting
pSPB1909 with HindIIl and EcoRI was inserted into
pUCSA. Similarly, a chain elongase cassette obtained by
digesting pSPB1911 with HindIIl and EcoRI was inserted
into pUCPF. These plasmids are referred to as pSPB1919
and pSPB1920, respectively. Further, a A5 desaturase
cassette obtained by digesting the pSPB1919 with Pacl
and Fsel, a fatty-acid-chain elongase cassette obtained by
digesting the pSPB1920 with Sgfl and Ascl, and a A6
desaturase cassette obtained by digesting the pSPB1910
with HindIIl and EcoRI were incorporated in pUCSAPF to

prepare a three-cassette plasmid pSPB1944.



acid, dihomo-y-linolenic acid, and arachidonic acid, which are not
produced in wild-type soybeans. The proportions of these fatty acids in
total fatty acids were 2.49%, 1.05%, and 0.83%, respectively. In addition,
the -71- expression level of a-linolenic acid in the transformant showed
about 20% decrease from that of the wild-type soybean. This suggests

the possibility of the RNAI suppressiag the expression of A15 desaturase.
As these results indicate, the change in the lipid composition of the
transformant's seed proves the inheritance of the modified fatty acid trait
to the rFEW YaREra®ion HRErérais ettty SRInteriREYScBmbman? TSIREET »
enables mass production of soybean seeds having modified fatty acid

BorRRCEIIRS §5%) - 15 S4B LR Bf tHREFSP BB, -FarRRPmERIdBYBEPT Was
accumulating arachidonic acid were sown to produce next generation T2
seas! eRmng DA exitBGed o H pisht Clefeshl & tdmpiaR dyefortid P

PCR was carried out for the %6 saturase, chain elongase, and A5
GESGHS SRBIRMY TRt methoPdBed in ?neg§§cqi%n PLREGENT

The result confirmed that the Ti plant inherited the three genes o th%se
BASTER, S DRGSR om HRST, DR etheen
I P A , and South blotti [ t
SRS SRR LRy N L

%‘Sﬁﬁ?g@%? ?Ie\léplgg%%lgglg}t(@ﬁ}ﬁ further, an HPT cassette

excised from the pSPB1918 was inserted into the Fsel site
of pPSB1944, and a GFP cassette excised from the
pSPB1935 was inserted into the Sgfl site. As a result,
pSPB1852 was prepared.

Further, for subcloning of the A15 desaturase gene
(Accession No. P48625), RT-PCR was carried out using a
total RNA extracted from soybean immature seeds. More
specifically, the RT-PCR was carried out in the following
manner.

A reverse transcription reaction was carried out
with Oligo(dT)12-18 primers, using a SuperScript
First-Strand Synthesis System for RT-PCR (Invitrogen).
Using a resulting transcript as a template, a PCR reaction
was carried out using primers det15-2-F1
(5'-ATGGTTAAAGACACAAAGCCTTTAGCC-3") (SEQ ID NO:

11) and det15-2-R1 (5'-TCAGTCTCGTTGCGAGTGGAGG-3')



-72- Diagnostics), and the primers described in the section [VI] above.
The result confirmed that at least two copies of constructs were
introduced into the Ti plant. The result of lipid analysis for the T2 seed
revealed, as shown in Table 4, that the proportions of y-linolenic acid,
dihomo-y-linolenic acid, and arachidonic acid, which are not produced in
wild-type soybeans, were 1.71%, 0:56%; and 0.53%, respectively, with
respect to total fatty acids. Further, by the RT-PCR of the T2 seed,
expressions of the A6 desaturase, chain elongase, and AS desaturase
WwekQchRridHed. Ieérefore, it was confirmed that the transgenes were
stably passed onto the next generation, and that the trait of modified lipid
compodifish Radiake? MHE el fStHRATSEGeRethtiBy. Radetads ingstie

RT-PCR, no transcript was detected for the endogenous A15 desaturase

BRSO NG 1E29604). AR MRS that BanddHilloR Yr AliWing the
PR L R, AATEOC T8 TioolloR) CBhsg PR a 15 8aGa for
O JSamafod Itacand U oSS mieene S Z120T, ana
finally by maintaining the sample at 72°C for one minute.
The amplified DNA fragments were subcloned into a pCRII
vector using a TOPO cloning kit (Invitrogen), and its
sequence was determined. For the subcloned A1S5
desaturase gene, a DNA fragment, starting from 5 bases
downstream of the start codon and ending at 591 bp, was
joined to BamHI and Xhol recognition sequences, and a
DNA fragment, starting from 5 bases downstream of the
start codon and ending at 791 bp, was joined to Sacl and
Xhol recognition sequences. These DNA fragments were
PCR-amplified and purified.

As the primers, SOYF1-B
(5'-TGGCCTGGGATCCTTAAAGACACAAAGCCTTTA-3') (SEQ
ID NO: 13) and SOYR1-X
(5'-GCACATCTCGAGGGATTGAAGTGAGAGCCTTC-3") (SEQ
ID NO: 14) were used for the approximately 591 bp
fragment. For the approximately 791 bp fragment,

primers SOYF2-S



arachidonic acid 0 0.53 INDUSTRIAL APPLICABILITY As described
above, a producing process of oil or fat source plants according to the
present invention can produce plants containing arachidonic acid, which
are not produced in nature by higher plants. The plants can be used to
readily obtain a large amount of arachidonic acid, which can then be
marketed for the manufacture or distfbution of health food or medicines.
That is, the present invention is applicable to the food industry,
pharmaceutical industrﬁ\, and all other industries related to these fields.

t

Farter, Wi Pt UERTdA GHeCrafud 8 RGAES T be thdreadstis Q

making the invention also applicable to agricultures. -74 SU0423
ERQUENCE LBEPING <110> SURIORY LIMITEBL120> ArachRfgiidR2-X
acid-contair%i}%géplants and use of the plants <130> SU0423 <140> <141>

56=5p0d3dh'etra Ces1 L5608 A ¢ 21505 Ji% 2oblsbg7oke (SEQ

51> 2004-Q3-29 <160> 28 <170> Patentln Ver. 2.1
HD]'I\I(% 16) were useg.

These two types of DNA fragments were inversely
joined to each other with BamHI-Xhol-Sacl, so as to form
a hairpin structure, and were inserted into a BamHI-Sacl
site between the conglycinin promoter and the nos
terminator to prepare an RNAi cassette (pSPB1876). A A15
RNAi cassette was excised from the pSPB1876 and was
inserted into an Ascl site of pSPB1852 to prepare
pSPB1877.

The pSPB1877 can also be prepared in the steps
illustrated in Figure 2. Specifically, a GLELO gene
fragment, a A6 desaturase gene fragment, and a AS
desaturase fragment are introduced into the Sgfl-Ascl site,
Ascl-Pacl site, and Pacl-Fsel site, respectively, of a 2.7
kbp pUCSAPF, so as to prepare pSPB1944. Here, the
GLELO gene fragment is a fragment in which GLELO
cDNA is ligated ©between a conglycinin promoter
represented by "Con" in Figure 2 and a mannopine
synthetase gene terminator represented by "mas" in

Figure 2. The A6 desaturase gene fragment is a fragment



<210> 1 <211> 457 <212> PRT <213> Mortierella alpina <400> 1 Met
Ala Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Glu lie Lou 15 10 15

Asn Ala Glu Ala Lou Asn Glu Gly Lys Lys Asp Ala Glu Ala Pro Phe 20 25
30 Lou Met lie lle Asp Asn Lys Val Tyr Asp Val Arg Glu Phe Val Pro 35

40 45 Asp His Pro 01y Gly Ser Val He Lau Thr His Val Gly Lys Asp Sly

50 55 60 Thr Asp Val Phe Asp Thr-Féte His Pro Glu Ala Ala Trp Glu Thr
Lou 65 70 75 80 Ala Asn Phe Tyr Val Sly Asp lle Asp Glu Ser Asp Arg

Ala lle Lys B5 90 95 Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Lou Arg
Th WaU PRe&din drstrtos 886 SEP NN Gy getgdadieseiesar (yenand
Tyr Tyr Ala Phe Lys Val 115120 125 Ser Phe Asn Lou Cys lle Trp Gly |
ot Serfihe Phe 116 SAR I BPS186 285 iR ME By GindrHr 88 RRPLod"
Ala Asn Val Lou Ser Ala Ala Lou Lou 145 150 155 160 Ely Lau Phe Trp
EREM &8 APPSR AR 155 Nép PRe LigRHRS 1851 HFER HRsind

\r/rﬂaghel“%ig %Sé)lf’oﬁgly}&-r%a%lyéls nthurgarl]teeﬁlyvall‘?hP%egfI and Fsel,
so as to introduce a GFP cassette containing a 35S
promoter, a green fluorescent protein, and a nos
terminator into the Sgfl site, and a HPT cassette
containing a 35S promoter, a hygromycin-resistant gene,
and a nos terminator into the Fsel site. As a result,
pSB1852 was prepared. At last, the A15 RNAi cassette
was inserted into the Ascl site of the pSPB1852 to
prepare pSPB1877.

Figure 3 shows an overall view of pSB1877 prepared
in such a manner. As illustrated, the pSB1877 is a
multigene expression vector in which the GFP cassette,
GLELO, A15 RNAIi cassette, A6 desaturase, A5 desaturase,
and HPT cassette are joined to one another.

[VI] Analysis of transformation and expression in
soybeans

Adventitious embryos that have incorporated the
pSB1877 were sampled in their immature and mature
stages to analyze the intake and expression of the

multiple genes, as described below in detail.



180 185 190 Lou Gly Gly Val Cys Gin fly Phe Ser Ser Ser Trp Trp Lys Asp
Lys 195 200 205 His Asn Thr His His Ala Ala Pro Asn Val His Gly flu Asp
Pro Asp 210 215 220 lle Asp Thr His Pro Lou Lou Thr Trp Ser Glu His Ala
Lou Glu Met 225 230 235 240 Phe Ser Asp Val Pro Asp Glu Glu Lou Thr
Arg Met Trp Ser Arg Phe 245 250 255 -v (1) _75_SU0423 Met Val Lau
Asn Gin Thr Trip Phe Tyr Phe Pro H&Tau Ser Phe Ala 260 265 270 Arg
Lau Ser Trp Cys Lau Gin Ser He Met Phe Val Lau Pro Asn Gly 275 280
285 Gin Ala His Lys Pro Ser Gly Ala Arg Val Pro lle Ser Lou Val Glu 290
295 3067 T IHiF SEP PR ARMEt BREfrp TWRTGp BaRRIAE THMBE 2
Phe 305 310 315 320 Lou Phe lle Lys Asp Pro Val Asn Met lle Val Tyr
PHEQRWaPSePs25501338 1 6irAId val CRNERWsn P ouMie Kit
Val Phe Ser Lou Asn His 340 345 350 Asn Gly Met Pro Val lle Ser Lys
ERIRRE Rla VEF RBS MEY BLh PRe  BS5TSebeRE oM THAByCEFiEfe O Ut

Ilk]srigg%%és%\éal%i? F:ergt?le}/cli%%mbel\?xo 3735 %SOtemplate. As the
primers, the following primers were used: det6f3
(S-TGGTGGAAGGACAAGCACAA-3’) (SEQ ID NO: 17);
det6r2 (5-ACAGACCAGGGTGAACATCA-3’) (SEQ ID NO:
18); detdf4 (5’-CTTTGGATCCTTGATCGCCT-3’) (SEQ 1ID
NO: 19); det5r3(5’-AGAACATGACGGTGTGCCAA-3’) (SEQ
ID NO: 20); XbaGLf
(5’-CAGTTCTAGAGCCTTCTCACATTCCC-3’) (SEQ ID NO:
21); SacGLr (5-AGTCGAGCTCTTACTGCAACTTCCTT-3)
(SEQ ID NO: 22); HPTf1
(5’-CCTGCGGGTAAATAGCTGCG-3’) (SEQ ID NO: 23);
HPTr1l (5’-CGTCAACCAAGCTCTGATAG-3’) (SEQ ID NO:
24); EGFP-F1 (5-ATGGTGAGCAAGGGCGAGGA-3’) (SEQ ID
NO: 25); and EGFP-R1
(5’-AATGAACATGTCGAGCAGGTA-3’) (SEQ ID NO: 206).

The PCR reaction used ExTaq (Takara Bio Inc.) as an
enzyme, and was carried out by maintaining the sample
at 94°C for two minutes, and then by performing the
reaction in 30 cycles at 94°C for 30 seconds, at 55°C for

30 seconds, and at 72°C for 30 seconds to 1 minute, and



Ala Asn Trp Phe Thr Gly Gly Leu Aso Tyr Gin lle Glu His His Lou 385 390
395 400 Phe Pro Ser Met Pro Arg His Asn Phe Ser Lys lle Gin Pro Ala
Val 405 410 415 Nu Thr Lou Cys Lys Lys Tyr Gly Val Arg Tyr His Thr Thr
GlY Met 420 425 430 lle Glu Gly Thr Ala Glu Val Phe Ser Arg Lou Asn
Glu Val Ser Lys 435 440 445 Ala Ala Ser Lys Met Giy Lys Ala Gin 450
455 <210> 2 <211> 1371 <212> DNA& <213> Mortierella alpina <400) 2
atggotgotg otoccagtgt gaggaogttt actcgggccg agattttgaa tgccgaggcec 60
otgaatgagg gcaagaagga tgccgaggcec oootttetga tgatoattga caacaaggtg
{opald¥ganpdadadhdigt éaﬁgaﬁaa{léé@gg@égia%g@gé?ﬁm eaxgolehUte.
180 ggcaaggacg gcactgacgt ctttgacact ttccaccccg aggctgettg ggagactctt
Hggtfﬁé@t?éﬁ’t%att%ﬁ‘éa%h@ AGgHecRGEEaRGadha JaRRbHTASE,

goo gcggoogagg ttcgcaaget gegeaccttg ttocagteece ttggotacta cgactcgtoo
Bbt Bz Grdesdt didtcttcdd YRR Ao aadittca taégégatt%‘?db%otttcvﬂ%e

B LA AGba dhondons BebAdgAz HHUDHECh cRAUEAD a0 DU
R octt i oo RO Shaliact SEBctitt AUMEAELE Lo bbbl NA
S5 GR09a0e00 Eeiopa eoae aneeon Jugcase i
Jﬁ?e RT-PCR was carried out with the transcript of the
reverse transcription as a template, using primers det6f{3
(SEQ ID NO: 17) and det6r2 (SEQ ID NO: 18), primers
det5f4 and det5r3, and primers GLEf
5’-GTGCTCGCTTATTTGGTCAC-3’) (SEQ ID NO: 27) and
GLEr (5-CGACATCATGCAGAACTGTG-3’) (SEQ ID NO: 28).
PCR was carried out in the same cycle as that for the
genomic DNA, and gene expression was analyzed. As a
result of analysis, it was confirmed that the A6
desaturase, AS desaturase, and fatty-acid-chain elongase
were all expressed in the pSPB1877-transformed
soybeans.

[VII] Lipids analysis of transformed soybeans

According to the method described in the section [I]
above, lipids were extracted from 1 g of mature embryo of

the pSPB1877-transformed soybean, and their fatty acids

were analyzed by gas chromatography and a mass



cagaoctggt totaottcoc cattctotog tttgcocgtc tgtootggtg cctooagtoo 840
attatgtttg ttctgoooaa cggtcaggoo caceagooct ctggagcgog tgtgcooatt 900
togttggtcg agcegotgtc tctggotatg cactggacct ggtacctcge caccatgttc 960
otgttoatta aggatccogt caacatgttt gtgtactttt tggtgtcgca ggotgtttgc 1020
ggcaaottgt tggcgattgt gttctcgctc aaccacaacg gcatgcctgt gatctoceag 1080
gaggaagcgg tcgatatgga cttottcacc as@agatca tcacgggtcg tgatgttoac 1140
ectggtctgt ttgccaactg gttcaogggt ggattgaact accagattga gcaccacttg 1200
ttccottcga tgccucgcca caacttttca aegatccagc ctgctgtoga gaetttgtgo 1260
SR8 Yiglcodats @Rt dRatdhtciPaghpdtgdadadiiet? 1320
agccgtttga aogaggtotc caaggcggcc tcoaagatgg gcaaggoeca g 1371
<210> 3 <211> 318 <212> PRT <213> Mortierella alpina ~- v (2) - 76
SU0423 <400> 3 Met Glu Ser lle Ala Gin Phe Leu Pro Ser Lys Met Pro
Gin AngLaa‘alfi 810 15 Phe lle Asp Lou Ala Arg Ala lle Gly Val Gin Ala
Ala Pro Tyr Val 20 25 30 Asp Pro Lou Glu Ala Ala Lou Val Ala Gin Ala

Glu Lys Phe Pha Pra 35 40 45 Thr Val Val His His Thr Arg Gly Phe | ou
Val Ala Val Glu Ser Pro 50 55 60 Lou AlalAg/g Glu Llou Prg Lou8l\/7le7t A(\)/sn
Pra Phe His Val Lou Leu lle 65 70°A288°! (%) pSPB1 (%0)
linoleic acid 56.28 43.96
a-linolenic acid 7.6 6.52
y-linolenic acid 0 2.77
dihomo-y-linolenic acid 0 1.73
arachidonic acid 0 2.1

As shown in Table 2, the mature embryo of the
pSPB1877-transformed soybean synthesized y-linolenic
acid, dihomo-y-linolenic acid, and arachidonic acid,
which are not produced in the soybeans in nature. The
proportions of these fatty acids in a total fatty acids were
2.77%, 1.73%, and 2.10%, respectively. Note that,
y-linolenic acid, dihomo-y-linolenic acid, and arachidonic
acid were not contained in the lipids of the wild-type
soybeans.

The result proves that a plant producing process
according to the present invention can produce

arachidonic acid in soybeans.




Ala Lau Ala Tyr Lau Val Thr Val Phe Val Gly Met Gin lle Met Lys 85 90 95
Asn Phe Glu Arg Phe Giu Val Lys Thr Phe Ser Lou Phe His Aso Phe 100
105 110 Cys Lou Val Ser lle Ser Ala Tyr Met Cys Gly Gly lle Leu Tyr Glu
115 120 125 Ala Tyr Gin Ala Asn Tyr Sly Lou Phe Glu Asn Ala Ala Asp

His Thr 130 135 140 Val Gin Gly Lau Pro Met Ala Lys Met lle lip Lou Phe
Tyr Phe Ser 145 150 155 160 Lys-IléMet Glu Phe Val Asp Thr Met lle
Met Val Lou Lys Lys Asn 165 170 175 Asn Arg Gin lle Ser Phu Lou His
Val Tyr His His Ser Ser lle Phe 180 165 190 Thr lle Trp Trip Lou Val Thr
Phe VAl Pro Asn Gly Glu Ala Tyr 195 200 205 Phe Ser Ala Ala Lou
Asn Ser Phe lle_ His Val lle Mat Tyr Gly Tyr 210 215 220 Tyr Phe Lou Ser
Ala Lof*€ROPRE R §s GintPa SRFPReHed 58 PHE b5 Dabbasssation (1]
lle Thr Arg.Ser Gin Met Thr Gin The_ Cys Met Met Ser lle Gln 245 250 25%
88086 #préﬁ MEE F5r AX MR IS VEPTBUBY ARG ﬁTbeeﬁﬁﬁs}sZeé the
2 Phe Phe._lle Thr Ala Leu,Lau Trp Phe Tyr Met Trp Thr Met .

PRPBASE0 388 AT Phe THRRRPRe 9 g LyaShsr AL ysA BT S

élc?n :a‘?iglen 9\97621965 3a(t)l(')lalyzed by gas chromatography and a

mass spectrometer. The analysis result is shown in Table

3.
[Table 3]
Control pSPB1877
Seed (%) Seed (%)
linoleic acid 57.86 51.19
a-linolenic acid 9.27 1.92
y-linolenic acid 0 2.49
dihomo-y-linolenic acid 0 1.05
arachidonic acid 0] 0.83

As shown in Table 3, the seed of the
pSPB1877-transformed soybean synthesized y-linolenic
acid, dihomo-y-linolenic acid, and arachidonic acid,
which are not produced in wild-type soybeans. The
proportions of these fatty acids in total fatty acids were

2.49%, 1.05%, and 0.83%, respectively. In addition, the




Ala Lys lla Asp Ala Ala Lys Glu Lys Ala Arg Lys Lou Gin 305 310 315
(210> 4 <211> 954 <212> DNA <213> Mortierella alpine <400> 4
atggagtcga ttgogcaatt cctcocctca aagatgccgc aagatctgtt tattgacctt 60
goaagggooa tcggtgtcca ggccgceaccc tatgtcgacc ctctcgaggce agogcttgtg 120
gcccaggoog agaagttctt cocoacggtc gttoatcaca cgcgcggott tttggtcgeg 180
gtcgagtcao ccttggoccg tgagotgcoc ttgakgaacc cottocacgt getgttgetc 240
gcgctcgctt acttggtcac ggtotttgtg ggcatgcaga tcatgaagaa ctttgaacgg 300
ttcgaggtca agacgttctc gotcttccao aacttttgto tggtctcgat cagtgcctac 360 -

e Pre sviospalarghcafcs ghmedgicyRpttadaghccabich Byiicmant
tgagaacgcg 420 %cogatcata ccgtccaggg tcttcotatg gocaagatga tctg{gctott

SABIEEE 488 0aHyatAtig d6EbEtR cai@tgatbrgelid RgadyHa Ay Pe
ccgccagato 540 togttcttgc aogtctacca ocacagotco atottcaoca tctggtggtt )
§G¥R&A 60D Bﬂt@oaﬁ&b%gétabisgaégbeotaBﬁc?t%bbd&&gttaé adiB§ttcaR VAL

UGB 7205 LR Gt B GHEUE Ao GAOgo AR LR DRt comtocagt
e O i R
SESIRIATRD B0 SRR e 1ne
inheritance of the modified fatty acid trait to the next
generation. Therefore, cultivation of the recombinant
soybean enables mass production of soybean seeds having
modified fatty acid compositions.

[1X]

T1 seeds of the pSPB1877-transformed soybean
accumulating arachidonic acid were sown to produce next
generation T2 seeds. Using DNA extracted from T1 plant
leaves as a template, genomic PCR was carried out for the
A6 desaturase, chain elongase, and AS desaturase
according to the method described in the section [VI]
above. The result confirmed that the T1 plant inherited
the three genes of these enzymes. Further, DNA was
prepared from the T1 plant leaves by Nucleon Phytopure
(Amersham), and Southern blotting was carried out with

A6 desaturase, chain elongase, and A5 desaturase probes

prepared by using a DIG DNA labeling kit (Roche



<212> PRT <213> Mortierella alplna (400> 5 Met Gly Thr Asp Gin Gly
Lys Thr Phe Thr Trp Gin Glu Lou Ala Ala 15 10 15 His Asn Thr Glu Asp
5er Lau Lau Lou Ala lle Arg Gly Asn Val Tyr 20 25 30 Asp Val Thr Lys
Phe Lou Ser Arg His Pro Gly Gly Thr Asp Thr Lou 35 40 45 Lou Leu Gly
Ala Gly Arg Asp Val Thr Pro Val Phe Glu Met Tyr His 50 55 60 Glu Phe
Gly Ala Ala Glu Ala lle Met Lys Lys-T¥2 Fyr Val Sly Thr 65 70 75 80 Lou
Val Ser Asn Glu Lou Pro lle Phe Pro Glu Pro Thr Val Phe His 85 90 95
Lys Thr lle Lys Gly Arg Val Glu Ala Tyr Phe Lys Asp Arg Asn Met 10D

NP AEHCSer I%}%i&hﬁr@ PR TS IR BIEReAd Ty AGa S REitHE PHY I]
115120 125 Gly Ser Lou lle Ala Ser Tyr Tyr Ala Gin Lou Phe Val Pro Phe
R0 13PEAT SR Blucarg FRPIGH LAD &in 3l A2 Phe W18 II69RIfRt Of
Gly Phe 145 150 155 160 Ala Cys Ala Gin Val Gly Leu Asn Pro Lau His
ROPATL BELRISTOAE 1851126 1S StV TH Hiid AR BB rhr Vi Trps ult

Lye o u G Ala T s 160.1685.190 Acp Phe P Aen Gy e 881
Table 4, that the proportions of vy-linolenic acid,
dihomo-y-linolenic acid, and arachidonic acid, which are
not produced in wild-type soybeans, were 1.71%, 0.55%,
and 0.53%, respectively, with respect to total fatty acids.
Further, by the RT-PCR of the T2 seed, expressions of the
A6 desaturase, chain elongase, and A5 desaturase were
confirmed. Therefore, it was confirmed that the
transgenes were stably passed onto the next generation,
and that the trait of modified lipid composition was also
inherited to the next generation.

Further, as a result RT-PCR, no transcript was
detected for the endogenous A15 desaturase (Accession No.
L22964). This indicates that transcription of A1lS
desaturase was effectively suppressed by RNAi, as

evidenced by the reduced a-linolenic acid level.



195 200 205 Lou Gly His His Pro Tyr Thr Asn lle Ala Gly Ala Asp Pro Asp
Val 210 215 220 Ser Thr Ser Glu Pro Asp Val Arg Arg lle Lys Pro Asn
Gin Lys Trp 225 230 235 240 Phe Val Asn His lle Asp Gin His Met Pho
Val Pro Phe Lou Tyr Gly 245 250 255 Lou Lou Ala Phe Lys Val Arg lle
Gin Asp lle Asn lle Leu Tyr Phe 26D 265 270 Val Lys Thr Mn Asp Ala lle
Arg Val Asn Pro lle Set Thr Trp His- Z8-280 285 Thr Val Met Phe Trp
Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Lou 290 295 300 ,z- (4) S00423
le Val RiicaMé¢ Glih Tyr Lou Pro Lou Ser Lys Val Lau Lau Leu Phe 305
310 315 320 Thr Vol Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Lou Thr
Phe Gin 325 330 335 Ala Asn His Val Val Glu Glu Val GIn Trp Pro Lou

Pro Asp Glu Asn 340 345 350 Gly lle lle GIn Lys Asp Trp Ala Ala Met Gin
Val Glu Thr Thr Gin 355 360365 A$pPTyi# Ala His Asp SérHnB L8d Trp
Thr Ser lle Thr Gly Ser Lou 370 375 380 Asn Tyr Gln Ala Val His His Lou
Phe Pro Asn Val Ser Gin His His 385¢390(395 400 [Tyr Pro2%5s e (Pou

Ala lle lle Lys Asp Thr Cys Ser Glu Tyr Lys

linoleic acid 57.86 53.27
o-linolenic acid 9.27 3.07
y-linolenic acid 0 1.71
dihomo-y-linolenic acid 0 0.55
arachidonic acid 0 0.53

INDUSTRIAL APPLICABILITY

As described above, a producing process of oil or fat
source plants according to the present invention can
produce plants containing arachidonic acid, which are not
produced in nature by higher plants. The plants can be
used to readily obtain a large amount of arachidonic acid,
which can then be marketed for the manufacture or
distribution of health food or medicines. That is, the
present invention is applicable to the food industry,
pharmaceutical industry, and all other industries related
to these fields. Further, with the present invention, the
value of plants can be increased, making the invention

also applicable to agricultures.




405 410 415 Val Pro Tyr Lou Val Lys Asp Thr Phe Trp Gin Ala Phe Ala
Ser His 420 425 430 Lou Glu His Lou Arg Val Lou Gly Lou Arg Pro Lys
Glu Glu 435 440 445 <210> 6 <211> 1338 <212> DNA <213>
Mortierella alpina <400> 6 atgggtacgg aocaaggaaa aacottcacc
tggcaagaac togoggcgca taacaoogag.60 'gacagcctco ttttggctat ccgtggcaat
gtatacgatg tcacaaagtt ctigagaegt k2Q cattétggtg gaacggatac tctcttgotc
Q%%ch)ﬁ E%oLgﬁ%tgtcac tccggttttt 180 gagatgtacc acgagtttgg agctgcagag
gotatCatga agaagtacta tgttggcaca 240 ctggtctcaa atgagttgcc catcttcoca
GO st iRy otettatEa! HebeRIEa Y 350°'ggBaGttty aggcatactt
tasygemeyg aacatggatt ccaagaaoag accagagatc 360 tggggacgat
afgstctcat ctttggatcc ttgatcgoct cttactacgc gecagotcttt 420 gtacogttcg
tg¢tcgaaog taoatggotc caggtggtgt ttgctatcat catgggattt 480 gegtgcgcegce

aa gaaﬁk%amoctott caogatgcot cocactttte agtgaccoac 540 neeoccaccg
fit @ggﬁa‘ﬁf tcggagce aogcacgact ttttcaacgg agcatcgtat 600 ctcgtgtgga

gtmd}aalﬁgf@@@tcggc catcatcoot ataccaacat tgctggagct 660 gatcoogatg
1> 2004-03-7
tg%cgaoctc tgagcocgat gttcgtcgta tcaagccoaa ccaaaagtgg 720 ttcgtcaacc

S8tddacca gcacatgttt gttcotttce tgtacggact getggegttc 780 aaggtgcgcea
tcraggaeat vaacatcttg tactttgtca ageccaatga cgccattcgt B40 gtcaaoocoa
tetggactty gcacaoogtc atgttctggg gcggaaaggc cttetttgtc 900 tggtaccgcet
% fic tatgcagtat otgcccctga gcaaggtgtt gotcttgttt 960 aocgtcgcag
slggtels dicitasigg otggogotga ccttecaggo gaaccacgtt 1020 gttgaggagg
fgaatiggcce attgectgat gagaatggaa tcatccaaaa ggattgggcea 1080
¥et Ala Ala Ala Pro Ser Yal Arg Thr Phe Thr Arg Ala Glu Jie Leu
1 5 10 15
Asn Ala Glu Ala Leu Asn Glu Gly Lys Lys Asp Ala Glu Ala Pro Phe
20 25 30
Leu Met |le lle Asp Asn Lys Va| Tyr Asp Val Arg Glu Phe Val Pro
35 40 45
Asp His Pro Giy Gly Ser Val lle Leu Thr His Va| Gly Lys Asp Gly
50 56 60 _
Thr Asp Val Phe Asp Thr Phe His Pro Glu Ala Ala Trp Glu Thr Leu
65 10 75 80
Ala Asn Pha Tyr Vai Gly Asp |le Asp Glu Ser Asp Arg Ala lle Lys
85 30 a5
Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Leu Arg Thr Leu Phe GIn
100 105 110
Ser Leu Qly Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val
115 120 125
Ser Phe Ash Leu Gys [le Trp Gly Leu Ser Thr Phe lla Val Ala Lys
130 135 140
Tre Gly Gln Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu
145 150 155 160
Gly Leu Phe Trp GIn &in Gys Gly Trp Leu Ala His Asp Phe leu His
168 170 175
His 8ln Yal Phe GIn Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe
180 185 190
leu Gly Gly Val Cys GIn Gly Phe Ser Ser Ser Trp Trp Lys Asn Lys
185 200 205
His Asn Thr His His Ala Ala Pro Asn Val His Gly Glu Asp Pro Asp
210 215 220
Ile Asp Thr His Pro Leu Leu Thr Trp Ser Glu His Ala Leu Glu Met
225 230 235 240

Pha Ssr Asp Val Pro Asp Glu Glu Leu Thr Arg Net Trp Ser Arg Phe
245 250 755

A1)



gocatgcagg tcgagactac tcaggattac goocacgatt cgcacetctg gaccagcatc
1140 acgggcagot tgaactacca agccgttcat catctgttcc ogaacgtttc ccagcatcac
1200 tacoctgata tcotggotat catcaaggac agctgcagag agtacaaggt
gocatacotc 1260 gtcaaggata ccttttggoa agcgtttgct tcacatttgg agcacttgcg
tgtgcttggt 1320 cttcgtccca aggaagag 1338 <210> 7 <211> 26 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial

e er_H of (4 t aaaca 3ianig :?
]%E E’S? : gl) HGerﬂgEﬁ D%B\Q%Q %S%}%%Ezf%mﬁmﬁmal Sequence

<%%Q)eu<s%2?eﬁ; Rescirtipe.pfi Artificial $aqueneeaRrimer XbaCprer <400>
8 cagttctdpa aaattcttta a#fegg 25. <2102%<211> 26 <212> DNA

GIn Ala His Lys Pro Ser Gly Ala Arg Val Pro |le Ser Leu Val Glu
280 295 300

GIn Leu Ser Leu Ala Met His Trp Thr Trp Tyr Leu Ala Thr Met Phe
305 310 315 320

Leu Phe |le Lys Asp Pra Vel Asn Met lle Val Tyr Phe Leu Val Ser
325 330 335

Gin Ala Yal Cys Gly Asn Leu Leu Ala ||e Yal Phe Ser Leu Asn His
340 345 350

Asn Gly Met Pro Val lle Ser Lys Giu Glu Ala Val Asp Met Asp Phe
355 360 365

Phe Thr Lys Gln lle Ile Thr Gly Arg Asp Val dis Pro Gly Leu Phe
3N 375 380

Ala Asn Trp Fhe Thr Gly Gly Leu Asn Tyr Gln |1e Glu His His Leu
385 390 385 400

Phe Pre Ser Met Pro Arg His Asn Phe Sar Lys Ile Gln Pro Ala Val
405 410 15

Glu Thr Leu Cys Lys Lys Tyr Gly Val Arg Tyr His Thr Thr Gly Met
420 435 430
{le Glu Gly Thr Ala Glu Val Phe Ser Are Leu Asn Glu Val Ser Lys
435 440 445

Ala Ala Ser Lys Met Gly Lys Ala @ln
45¢ 455

210> 2

211> 131

<212> DNA .
{213> Mortierella alpina

4om 2

atggetecte ctoccagtpt pappacgttt actcggeccy apattitgaa tecogagecc 60
ctpastzage scasgzagEa tgoopapgcs cootitctpa teatcattga caacaapgty 120
taggatztce gogagttipt cooteateat cooggtggaa gtateattct cacgoacgtt 180
ppcaaggacyg poactzacgt ctttpacact tteocaccocg aggetgetty geagactett 240
gecanctttt acgttzetepa tattgatgag agegatcgie coatcazgaa teatgacttt 300
popgccEagg ttcgcaaget gopcacetty ttocagtocc ttggctacta cpactegtes 360
asggcatact atgcottcaa ggiotogtic eaccicteca ictggepott piopactttic 420
attgttgeca agtgeggcca gacctogace ctogecaacyg tgototogge tgogctotty 480
getetottet gmcagcapte cggatgatip gogeacgact itttzcacca ccapptettc £40
caggacoptt totpegetea tottttezee goottotieg ragetgtote comgpptttc 600
teptootoot gztezaagga caagcacaac actocaccacE ctgotoccaa cgtocacgee 660
paggatooog acattgacac tecaccototg Ttpacotgga gteagcatpc totgpagatg 720
ttotogeatg ttoctracga ggapcteacc catatptegt cpepcticat getoctcaas 780
capacctzgt totacttece cattoteteg tttecocete tetoeteete cotosaptoc 840
attatgttty tictgeocaa cggicagece cacaagoset oteragcgog tetgocsatt 900
topttpgtor agoagctetc totgpotate cactggacst getacctege caccatgtic 960
ctettoatta ageatocopt caacatgatt ptgtacttit iggtetozca ggotetttgc 1020
ppoeacttet tgpopattet riiotogctc aaccacaacg peatgoctgt gatctccaag 1080
pagpagpcEE togatatgea cticttcacc aageagatca tcacgggtog teatgttoac 1140
cetgrtotet tigocaactg gttcacgert prattgazet accagattga goaccactty 1200
ttcocottogs tpcocogsea caactittos aapatccage ctgctetoea gacttigtge 1260
aanaaptacy gtgtoopata ccataccact getatgatcg agpeaactec agaggtotit 1320
ageoglittge acgegetete caaggcggoc tocaapatey gcaaggcace g 1371

210 3

211> 318

212> PRT

213> Mortierella alpina

AR—-2(D



<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer Sacmasf <400> 9 agtcgagotc cagottecct gaaacc 26
<210> 10 <211> 33 <212> DNA <213> Atrtificial Sequence <220> <223>
Description of Artificial Sequence: Primer Ecomasr (400> 10 catcatctcg
aggg-tggtga ccatggtgat cgs <210541 <211> 27 <212> DNA <213>
Avrtificial Sequence <220> <223> Desdi{ffibn of Artificial Sequence:

«drinmer detl5-2-f1 <400> 11 atggttaaag acacaaagcc tritc " <210> 12

ek S Seroble 0m 813 PR S EerAbtirilial 'S SGUEB R <220> <223>

-Descripton of Artificial Sequence: Prmer., 1y, va
20 25 - 30
ksp Pro Leu Glu Ala Ala Leu Val Ala Gln Ala Glu Lys Phe Phe Pro
35 40 45
Thr Val Val His His Thr Arg Gly Phe Lev Val Ala Val Glu Ser Pro
50 55 80

Leg Ala Arg Glu Leu Pro Leu Met Asn Pro ng His Val Leu Leu !ie
g

70 80
Ala teu Ala Tyr Leu Val Thr Val Phe Val &ly let Gin 1le Met Lys
85 80 g5
Asn Phe Glu Arg Phe Glu Val Lys Thr Phe Ser Leu Phe His Asn Phe
100 105 110

Oys Leu Val Ser [la Ser Ala Tyr Met Gys Gly Gly Ile Leu Tyr Glu
115 125

120
Ala Tyr GIn Ala Asn Tyr Gly Lsu Phe Gfu Asn Ala Ala Asp His Thr
130 135 140

Val GIn Gly Leu Pro Ket Ala Lys Met !le Trg Leu Phe Tyr Phe Ser
145 150 15 160

Met Val Leu Lys Lys Asn

Lys ile Het Glu Phe Val Asp Thr Het le
165 170 175
Asn Arg Gln [le Ser Phe Lau His Val Tyr His His Ser Ser !le Phe
180 185 180

Thr Ite Trp Trp Leu Val Thr Phe Val Ala Pro Asm Gly Glu Ala Tyr =~
195 200 205

Phe Ser Ala Ala Leu Asn Ser Phe 1le His Val |le Met Tyr Gly Tvr
210 215 220

Tyr Phe Leu Ser Ala Leu Gly Phe Lys Gln Va] Ser Phe [le Lvs Phe
2725 230 235 240

Tyr {le Thr Arg Ser &in Met Thr Gln Phe Cys tet Met Ser |]e Gin
245 250 255

Ser Ser Trp Asp Het Tyr Ala Met Lys Val Leu Gly Arg Pro Gly Tyr
250 285 270
Prec Phe Phe |le Thr Ala Leu Leu Trp Phe Tyr Met Trp Thr Het Leu
275 280 285

Gly Lou Phe Tyr Asn Phe Tyr Arg Lys Asn Ala Lys lLeu Ala Lys Bln
290 295 300

Ala Lys 11e Asp Ala Ala Lys Glu Lys Ale Arg Lys Leu Gln
308 310 315

210> 4

<211> 954

<212> DNA

<213> Mortierella alpina

<4005 4
atpgagtcoga ttgogoaatt cotococtca aapatgecpe aagatetgtt tattgacctt 60

goaagepocd togptpteca peccpeacce tatptopace ctetogagge agogotiptg 120
gocoagecop agaagitott cocoacgpte gitoatcaca cgcpogectt tthiggtepeg 180
gtcgagteac cottggccce tgagctecce ttgatgaace cottocacet metptigete 240
gopgotopott acttgetcac grtotttgte greatpoaga teatgaapas ctttgaacegg 300
ticgagptca agacgttotc gotcttooac aacttttpte tggtotegat captgoctac 360

_—DQ)



detl5-2-r1 <400> 12 tcagtctcgt tgogagtgg<5 g 22 <210> 13 <211> 33
<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Primer SOYF1-B <400> 13 tggcctggga tccttaaaga
cacaaagcct tta 33 <210> 14 <211> 32 <212> DNA -80 SU0423 <213>
Artificial Sequence <220> <223;7D'escription of Artificial Sequence:

Primer. SQYRIe . s400%. 14 .aeacalciegalildatigas.aigagagect to 32

<R boaRde 5823% 12 @N’A@% Apticigl? e <220><223>
B rE s

gtfenaccca atgptpasge ctacticicg zotgegttga actcpttcat ccacgtgatc 660
atgtacgeet actacttoot gtocgcottz apctteange aggtgtogtt catcaagttc 720
tacatcacsc gttcgoagat macgeagttc tgeatgatet ceatccagtc ctcctgegac 780
atetatecca tgaaggteot tgzccgocce geatacecct tottoatocac ceocctgett 840
tgpttotaca tgtegaccat getogeactc tiotacaact tciacagaaa gaacgocaag 800
tteecoaage 2ppocaapat cgatgctpoc aaggagaage caageaagit geag 54

<210» &

211> 446

212> PRT

€213> Mortierella alpina

<400

> 5
Me? Gly Thr Asp Glg Gly Lys Thr Phe T?B Trp Gln @lu Leu A}g Ala

hsp Ser Leu

His Asn Thr Glu Leu Leu Ala [le Arg Gly Asn Val Tyr
20 25 30

Asp Val Thr Lys
35

leu Leu Ala

50
giu Phe
65

Gly

Gly Ala

Leu Yal Ser Asn

Lys Thr Lys

160

Asp Ser Asn

Gly Ser |le

130

Val Glu
145

Ala Oys

Thr
GlIn

Ser Yal Thr His
180

Fhe
195

His

Asp Phe Asn

Leu Gly His

210

Ser Thr
225

Phe Val

Ser Glu

Asn Hjs

Phe
260

Leu Leu Ala

Thr
275

Met

Val Lys Asn

Thr Val Phe

230

Phe Leu Ser Arg His Pro Gly Gly Thr Asp
40 45

Gly Arg Asp Yal Thr Pro Val Phe Glu Met
55 g0

Ala Glu Ala Ile Met Lys Lys Tyr Tyr Val
10 15

a'u Leu Pro |le Phe Pro Glu Pre Thr Val
85 80

g

Gly Arg Yal
0

Glu Ala Tyr Phe Lys Asp Ar

108 _ 11
I[le Trp Giy Arg Tyr Ala leu
120 125

Arg Pro Glu

Ala Ser Tyr Tyr

135
Gin

Ala GIn Lsu Phe Yal Fro
140

Trp Leu Val Val Phe Ala lle |le Net
150 155

Val Gly Leu Asn Pro Leu His Asp Ala Ser
165 170

Trp Lys 1le Leu Giy Ala
185 180

Lev Ya! Trp Met Tyr Gln
208

Asn Pro Thr Val

Tyr
200

Gly Ala Ser

Pro Tyr Asn Ile Ala Gly Ala Asp Pro
220

Pro Asp

Are Arg 1le Lys Pro Asn Gln
230 235

H

|1e Asn 5

Bet Phe Val Pro Phe Lsu
245 250

Lys Val Arg |le Gln Asp Ile Asn |le Leu
265 270

Asp Ala tle Arg Yal Asn Pro |le Ser Thr
280 285

Trp Gly Gly Lys Ala Phe Phe Yal Trp Tyr
2958 300

Thr Leu
Tyr His
Gly Thr

80
Phe His
85
Asn Het
[le Phe
Phe Val
Gly Phe

180

His Phe
175

Thr His

His Met

Asp Val

Trp
240

Gly

Lys
Tyr
255

Tyr Phe

Trp His

hrg Leu

R—3{4)



gtctgcgagc tcttaaagac acaaagceott to 32 <210> 16 <211> 32 <212> DNA
<213) Artificial Sequence <220> (223) Description of Artificial Sequence:
Primer SDUR2-X <400> 16 catcatctog agggtggtga ccatggtgat go <210>
17 <211> 20 <212> DNA <213>7Artificial Sequence (220> <223>
Description of Artificial Sequenée:%’rimer det6f3 <400) 17 tggtggaagg

AcaR0sA0RR AN 1520 4B 5251 1,20 <245 DN A 213> Artificial
Bequence <220%223> Descripfion of Artificial 88quence: Primer detfr2

mAQQM%Am%aﬁcaggsgtgaa%tCa 20 (R4 %? @211) 20 <212> DNA

Ala Asn His Val Vel Glu Glu Val &ln Trp Pro Leu Prc Asp Glu Asn
340 345 350

Gly lle lle GIn Lys Asp Trp Ala Ala Met Gln Val Glu Thr Thr Gin

355 360 365
Asp Tyr Ala His Asp Ser His Leu Trp Thr Ser Ile Thr Gly Ser leu
370 375 380

Asn Tyr Bln Ala Ya! His His Leu Phe Pro Asn Val Ser Gln His His

385 380 385 400

Tyr Pro Asp |le Leu Ala [ie |ie Lys Asp Thr Cys Ser 8lu Tyr Lys

405 410 415

Val Pro Tyr Let Val Lys Asp Thr Phe Trp Gln Ala Phe Ala Ser His

420 425 430

Leu Giu His Leu Arg Val Leu Gly Leu Arg Pro Lys Glu Glu
435 440 445

210> 6

<211> 1338

<212> DNA

¢213> Mortierelia alpina

<400> 6

atgpptaces acocaaggaaa aaccitcace tgpoasgaac togcegcgca taacaccgag 60
-gacagectce tttigectat cogtzeeaat ptatacgatg tcacamagtit ottgagoogt 120
catoctppte gascagatac totctigotc grapctgpcc gagatgtcas toegetiitt 180
gagatgtace acgagtiizg apctgcagap gotatcatga apaagtacta tgitgecaca 240
ctegtotoaa atgagttecc catottosca gagocaacgg tettccatan geccatcaag 300
ppeapaptty aggcatactt taagpaccgg aascatzgatt ccaagaacag accapagetc 360
tpgeeacgat atpotetcat ctttpmatec ttgatcecct citactacge peagetettt 420
rtacegttop fzptogaace tacatgectc cageigeipt tipctatcat catpematit 480
gogtpopcge aagtopratt gaaccctott cacpatgest cocactitte agtpacecac 540
aaccccaccg tttppearat totcepapce acgoacgact ftiticaaces agoetcgtat 600
ctorteipra tgtaccaaca tatgotepec cateateoot ataccaacat tectggaget 6EC
gatcocgatg tgtogaccte tgageoceat ghtcptopta toaageccea cozaaagtpe 720
ttoeicaace acatcaacca goacatgtti gttestitoc totaczgact getpgepitc 780
aagetpcrca tocaggacat caacatctip tactttptca apeccaatpa cgucaticgt 840
gtcaasccoa totogacttig ecacacogtc atpttotere sogganapge cttotttzie D00
tggtaccget tpatcgttco tatgeaptat ctpocooctza geaagetett gototigiit 860
accptogcag acatggtotc ttottacteg ctppepctga cottocagee gaaccacgtt 1020
gttpageape tteagtpecc attpootpat pgagaatggaa tcatcecaaaza geattggeca 1080
gocatgcagg topagactac toaggattac goccacgatt cecacctstg gaccagcate 1740
acgeecaest tgaactacca agoopticat catetgitoc cgaacptttc coageatcac 1200
tacootgata tootgectat catcaaggac acctgeagcg agtacasget gocetacctoc 1260
gtoaaggata cottttepca agcetttest toacattige agcactigop tgtgcttget 1320
cittoptcoca aggaagag 1338

210 7

211> 28

<212> DNA

<Z13> Artifieial Sequence

220> ]
<223 Description of Artificial Ssouence: Primer

HinCprof

<4000 7
agtcaagett aattcazaca amasscy 76

210> 8
211> 28
{212> DNA



<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer det5f4 <400> 19 ctttggatcc ttgatcgect 20 (210) 20
<211> 20 <212> DNA <213> Artificial Sequence <220> (7) 81 S00423
<223> Description of Artificial Sequence: Primer det5r3 <400> 20
agaacatgac ggtgtgccaa 2D (210> 2'17(%Il> 26 <212> DNA <213)
Astificial PeayeRcen5220> <223> Descriﬁ%?é‘ﬁ of Artificial Sequence:
Primer XbaGLf <400> 21 eagttctaga gccttctcac attccesD <210> 22
<279 pefipcidl 25 DA< B3reiutificiatrSequence

XbalCpror

<400> 8
cagttetaga zaattottta atacee 25

210> 8

211> 26

£212> DNA

218> Artificial Seguence

220> i o )
€223 Description of Artificial Seguence! Primer Sacmasf

<400> 9
agtogagetec cagottcoet geaace 25

£210> 10

<211> 33

<212> DNA

<213 Artificial Sequence

<730> o _
<723> Description of Artificial Sequence: Primer Ecomasr

<4000 10
catcatotop agggteptga cocatggtgat cgo

£
Ea3

<20y 11

<L211> 27

<212> DNA

213> Artificial Seguence

<220> o .
<223 Description of Artiflcial Sequence: Primer

det15-2-11

<400 11 _ G
atgrttaaag acacaaages titzgce al

10> 12

211> 22

<> DNA

713> Artificial Seguence

<2207 o )
<223 Description of Artificial Sequanes: Primer

det15-2-r1

<4005 12
teagtotopt tzcgagtzza £ 22

210> 13

211> 33

<212> DNA

€213 Artificial Sequence

020> o )
¢223> Description of Artificial Sequence: Primer SOYF1-B

<4002 13
tpeocterga tecttaaaga cacasagoct tta 13

210> 14
<E11> 32
<212> DNA

#2236



<220> <223> Description of Artificial Sequence: Primer SacGLr <400> 22
agtcgagotc ttactgcaac ttcctt <210> 23 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Primer HPTfl <400> 23 cctgcgggta aatagctgceg :.i <210> 24 <211> 20
(212> DNA <213> Artificial Sequéﬁ’@e‘ <220> <223> Description of
é@ﬂ;&i@f I%%qlégda&%é Primer HPTr1 <406¥23 cgtcaaccaa gotctgatag 2V...
<210> 25 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>

FsssiptionafAuificial Sequencer REMBREGFP-fl <400> 25 atggtgagca
A999¢9a99a 20

goacatotop aggeattgas stpagagest to a2

<210> 1b

Q2113 82

<2125 DNA

<213 Artificial Ssguence

<2205 o .
<223> Desoription of Artificial Sequence: Primer SOYF2-§

400 15
ptoteczage tettaaagac acazagsctt ta az

i 16

211> 32

{212> DNA

€213> Artificial Sequence

220 ) o .
£223> Description of Artificial Sequence: Primer SOURZ-X

400> 16 .
catoztetep aggeteetea coategteat go 32

G111

211> 20

(212> DNA.

{213 Artificial Seguence

<2207 L
{223> Description of Artificial Sequence: Primer det6f3

<400> 17
teptpgaagg acaagcacaa 0

2100 18

<1 20

212> DNA )

<213> Artificial Segquence

22
€223> Descripticn of Artifleial Sequence: Primer detér2

400> 8 ;
acagaccapg gtgaacatca 20

210> 19

211> 20

212> DNA

213> Artificial Saquence

{220> .
€223> Description of Artificial Sequence: Primer detbf4

<400> 19
stttepatee tigategoct 20

<210 20

211> 20

<212> DNA

213> Artificial Seguence

<e20>
~—(7)



<210> 26 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer EGFP-R1 <400> 26 1z _82
SU0423 aatgaacatg tcgagcaggt a <210> 27 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
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CLAIMS: 1. A transgenic plant which is transformed with an expression
vector comprising, ligated downstream of a soybean seed-specific
promoter, a gene encoding A6 desaturase, a gene encoding
fatty-acid-chain elongase and a gene encoding A5 desaturase, said
soybean producing arachidonic aci§2: The transgenic plant of claim 1,
aa@@gg@é@%@é&@%ﬂ seed_-specific prd?ﬁé"t%r is a conglyc_inin promoter. 3.
The transgenic plant of claim 1 or 2, which further comprises an RNAI
we@ssette for A15 desaturase. 4. The transgenic plant of any one of claims
813k, wherein the vector comprises an 8-base restriction enzyme
Cté&cegnitonl Stee®e The transgenic plant of any one of claims 1 to 4,
¢veherein the vector comprises a gene encoding GFP, a gene encoding
<CpRPescidtthain/etbrigab e R RNAMEd5Sette for A15 desaturase, a gene
«emcoding A6 desaturase, a gene encoding AS desaturase and a
BRI BRSO MICHETESistant gene in this order. -84- 6. The fransgenic plant of
Ry, pne of claims 1 to 5, wherein the A6 desaturase is a protein consisting
¢obaw amino acid sequence of SEQ ID NO: 1. 7. The transgenic plant of
SERyne of claims,l to 5, wherein the gene encoding the A6 desaturase is

<2Ag_)cr;e of: (c) a gene having a base sequencer of SEQ ID NO: 2
<223 Description of Artificial Sequence: Primer GLEr

<400> 28

cracatcaty cagaastgte i

A= (0)



as an open reading frame; and (d) a gene that hybridizes under stringent
conditions with a gene of a base sequence complementary to a base
sequence of a gene identified by SEQ ID NO: 2, and that encodes a
protein which catalyzes a reaction of introducing an unsaturated bond at
position A6 of an aliphatic monocarboxylic acid. 8. The transgenic plant of
any one of claims 1 to 5, wherein the<atty-acid-chain elongase is a

protein consisting of an amino acid sequence of SEQ ID NO: 3. 9. The
transgenicyplant of any one of claims 1 to 5, wherein the gene encoding
the fatty-acid-chain elongase is one of: (g) a gene having a base

sequence .oASEfa isNOn 4c aslamdperhredding frtamea;sdodthed genech an
that hybridizes under stringent conditions with a gene of a base sequence
-SEX poApIEMBNEALCIPE bagaefiLite oflagfdirdideiftifiats iesED 1of a
NO: 4, and that encodes a protein which catalyzes a reaction of

eRAFRRRTR AR SRS H Cal AT Risocafbo A Seif A60fiBe A6
ic pl f f claims. i . i
rgsaenieialan! ofany one oLelaimh o SaREIE e AR esatRTAIS

a protein conS|s‘ting oran amino acl uenc

transgenic plaphef ABHABAQ imss1 t‘aésé("d”{?f%iﬁét‘e geneIensedibG an
the AS desaturase is one of: (k) a gene having a base sequence of SEQ
IDN&@tGcing arachidonic acid.

2. The transgenic plant of claim 1, wherein the
soybean seed-specific promoter is a conglycinin

promoter.

3. The transgenic plant of claim 1 or 2, which

further comprises an RNAi cassette for A15 desaturase.

4. The transgenic plant of any one of claims 1 to 3,
wherein the vector comprises an 8-base restriction

enzyme recognition site.

5. The transgenic plant of any one of claims 1 to 4,
wherein the vector comprises a gene encoding GFP, a
gene encoding fatty-acid-chain elongase, an RNAi
cassette for A1l5 desaturase, a gene encoding A6
desaturase, a gene encoding A5 desaturase and a

hygromycin resistant gene in this order.



as an open reading frame; and (1) a gene that hybridizes under stringent
conditions with a gene of a base sequence complementary to a base
sequence of a gene identified by SEQ ID NO: 6, and that encodes a
protein which catalyzes a reaction of introducing an unsaturated bond at
position AS of an apliphatic monocarboxylic acid. 12. The transgenic plant
of any one of claims 1 to 11, whereirgthe fatty acid synthetases
associated with the biosynthesis of arachidonic acid, or the genes

encoding the fatty acid synthetases are from Mortierella. -86- 13. The
transgerfic pldt I &y eifietclaime 1 ©f 12nWhetei tHedhaymasidl to 5,

S r:fgetases so%?e%twith the biosynthesis of arachidonic, acid, or the
gSHRET ERR0dMG thO G LI EitFetssds HEHGHMORREFRL Bpirfy. 21

llgn‘[m&r%rlsigpgig gfeapgf @E@fﬁ@i'f@?)]r tﬁ) 13, wherein said plant

is soybean. 15. Plant cells, plant tissue, plant callus, seed, or progeny of
a transgenic plant of any one of the preceding claims comprising, ligated
downstream from a soybean seed-specific promoter, a gene encoding A6
desaturase, T genmencgding: fattyradidsdhainelongasel apthargené to 5,
encoding AS desaturase and comprising an RNAI cassette for A15
desaturase. tec THenrssyenitiplant brepdratdens kitvora preparing ¢hel:
transgenic plant of an%one of claims 1 to

?C] a gene having a base scquence of SEQ ID NO: 2
as an open rcading frame; and

(d) a gene that  hybridizes under | stringent
conditions with a gene of a base sequence complementary
to a base sequence of a gene i1identified by SEQ ID NO: 2,
and that encodes a protein which catalyzes a reaction of

introducing an unsaturated bond at position A6 of an

aliphatic monocarboxylic acid.

8. The transgenic plant of any one of claims 1 to 5,
wherein the fatty-acid-chain elongase is a protein

consisting of an amino acid sequence of SEQ ID NO: 3.

9. The transgenic plant of any one of claims 1 to 5,
wherein the gene encoding the fatty-acid-chain elongase
is onc of:

(g) a gene having a base sequence of SEQ ID NO: 4

as an open reading frame; and
(h) a gene that hybridizes under stringent

conditions ‘with a gene of a base sequence



14, comprising: a recombinant expression vector as defined in claim 1.
17. The kit of claim 16, further comprising a set of reagents for
introducing the recombinant expression vector into a plant cell.

-85 -

complementary to a base sequence of a gene identified
by SEQ ID NO: 4, and that encodes a protein which
catalyzes a reaction of elongating a carbon chain an

aliphatic monocarboxylic acid.

10. The transgenic plant of any one of claims 1 to 5,
wherein the A5 desaturase is a protein consisting of an

amino acid sequence of SEQ ID NO: 5.

11. The transgenic plant of any one of claims 1 to 5,
wherein the gene encoding the AS desaturase is one of:

(k) a gene having a base sequence of SEQ ID NO: 6
as an open reading frame; and

() a gene that hybridizes under stringent
conditions with a gene of a base sequence
complementary to a base sequence of a gene identified
by SEQ ID NO: 6, and that encodes a protein which
catalyzes a reaction of introducing an unsaturated bond

at position A5 of an apliphatic monocarboxylic acid.

12. The transgenic plant of any one of claims 1 to
11, wherein the fatty acid synthetases associated with
the biosynthesis of arachidonic acid, or the genes

encoding the fatty acid synthetases are from Mortierella.
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13. The transgenic plant of any one of claims 1 to
12, wherein the fatty acid synthetases associated with
the biosynthesis of arachidonic acid, or the genes
encoding the fatty acid synthetases are from Mortierella

alpina.

14. The transgenic plant of any one of claims 1 to

13, wherein said plant is soybean.

15. Plant cells, plant tissue, plant callus, seed, or
progeny of a transgenic plant of any one of the preceding
claims comprising, ligated downstream from a soybean
seed-specific promoter, a gene encoding A6 desaturase, a
gene encoding fatty-acid-chain elongase and a gene
encoding A5 desaturase and comprising an RNAi cassette

for A15 desaturase.

16. The transgenic plant preparation kit for
preparing the transgenic plant of any one of claims 1 to
14, comprising:

a recombinant expression vector as defined in claim

17. The kit of claim 16, further comprising a set of
reagents for introducing the recombinant expression

vector into a plant cell.





